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Preface 
This thesis is written as a series of five papers (Chapters 3 to 7), plus a statement of 
aims (Chapter 1), a description of the demography of superb fairy-wrens (Chapter 2) 
and my conclusions and ideas for future research (Chapter 8). This approach 
maximises brevity, but some replication of methods and references is inevitable. 
IV 
SUMMARY 
This thesis describes the mating sy tern of an Australian pa serine, the superb fairy-
wren (Malurus cyaneus). Superb fairy-wrens are territorial and live in small social 
units comprising a female, her social mate and several philopatric sons assumed not to 
contribute to reproduction. For this reason, they have always been classified as 
monogamous cooperative breeders. However, they are also highly sexually 
dichromatic, and males are seasonally dichromatic. These traits imply strong sexual 
selection, which generally characterises polygynous or promiscuous mating systems. 
My research, carried out in the Australian National Botanic Gardens in Canberra, 
Australia between 1988 and 1991, investigated this paradox. 
One factor that may increase variance in mating success among monogamous males, 
and thus the strength of sexual selection, is extra-pair bond fertilisation. By fertilising 
eggs laid by females paired with other males, some males may be able to increase their 
reproductive success at the expense of those they parasitise. In this study I used DNA 
fingerprinting to determine parentage in superb fairy-wrens. The results of this work 
show that superb fairy-wrens exhibit the highest frequency of extra-pair fertilisations 
among birds. Seventy-eight percent of all offspring in superb fairy-wrens resulted from 
matings between a female and a male from outside the group, and 95% of all broods 
contained at least one young with an extra-group father. Extra-pair fertilisations were 
distributed asymmetrically between males, and there is preliminary evidence that sons 
and grandsons of successful extra-group fathers were also successful. These data 
provide support for good genes models of female choice. 
This study shows for the first time that helpers gain fertilisations outside the group in 
which they help, and that such extra-pair fertilisations may be a more significant source 
of reproductive success for these males than within-group fertilisations, which were 
rare. These findings suggest an unusual and important benefit to philopatry by helpers. 
I found that female superb fairy-wrens never bred in their natal territory, and I report 
an important, but previously undetected dispersal phase by young females. Female 
dispersal in this species reduces the potential for incestuous pairings, compared to the 
closely related splendid fairy-wren (Malurus splendens), which exhibits a similarly 
unusual mating system. It has been hypothesised for splendid fairy-wrens that frequent 
extra-pair matings function to reduce inbreeding. The lower frequency of incest in 
superb fairy-wrens, coupled with evidence that females will mate incestuously with 
extra-group males, sugge ts that inbreeding avoidance is inadequate as a general 
explanation of mate choice in this genus. 
Males appear to solicit matings by intruding into neighbouring territories and 
performing a spectacular display for the breeding female , often involving the 
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presentation of a flower or flowerpetal. Observations of many hundreds of displays 
revealed that this behaviour was performed almost exclusively for extra-group females , 
and did not feature in within-pair courtship, which was unspectacular. This is a unique 
example of a stereotyped display performed in the context of extra-pair copulations. 
Displays do not usually lead to copulation. Evidence suggests that females control 
mating opportunities, and that displays function as self advertisement by males. 
Only males in colourfuJnuptialplumage displayed, and the time at which males 
acquired this plumage in a seasonal pre-nuptial moult varied by as much as six months. 
Much of this variation could be accounted for by age (older males moulted earlier), but 
within age categories, the timing of moult also varied with male body condition, and 
several indices of the harshness of the preceding winter. Thus timing of the pre-nuptial 
moult signals male viability. 
My observations of the behaviour of resident males during their female's fertile 
period showed that males only guarded their mates weakly, and showed no evidence of 
employing alternative paternity guards like frequent, or retaliatory copulations. Further, 
they often left their mates unguarded when they were fertile. These observations of 
male behaviour are consistent with the high frequency of extra-pair fertilisation. 
Superb fairy-wrens show anatomical adaptations to sperm competition. During the 
breeding season, males developed testes and a cloacal protuberance (a sperm storage 
structure) that were extremely large relative to their body size. All males, including 
helpers, developed cloacal protuberances during breeding, and there was no difference 
between males of different ages or social status in the size of their protuberance. 
The unusual mating system of superb fairy-wrens may be one of the best possible 
models for examination of questions about female mate choice. As in lek promiscuity, 
females prefer to mate with males that contribute only sperm. However, in contrast to 
lek systems, female choice is unlikely to be affected by competition between males, or 
by copying of the choices of other females. 
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Chapter 1 
Aims 
AIMS 
This thesis reports on my research into the mating system of an Australian passerine, 
the superb fairy-wren (Malurus cyaneus). Fairy-wrens have been the subject of 
considerable behavioural research, contributed almost entirely by Ian Rowley and his 
colleagues in a series of studies spanning three decades and including four species 
(Rowley 1965; Rowley 1987; Rowley et al. 1988; Rowley and Russell 1990; but see 
also Tidemann 1983; Nias 1984, 1986, 1987; Pruett-Jones and Lewis 1990; Ligon et al. 
1991). 
The interest in this remarkable group stems from their cooperative behaviour. Males 
of all species, and females of some species are philopatric and remain in their natal 
territory for several years, assisting with the care of offspring. Malurus has been used 
as an important textbook example to illustrate two hypotheses that attempt to explain 
why such apparently altruistic behaviour should have evolved. One theoretically 
attractive idea is that since helpers usually aid close relatives, helpers might benefit 
indirectly from aid-giving, by promoting the propagation of genes through their siblings 
(Hamilton 1964). Grafen (1984) applied this idea to superb fairy-wrens, using 
Hamilton's (1964) formula to suggest why philopatry is favoured for males but not 
females, assuming that helpers always aid their true genetic parents. Second, Emlen 
(1984) developed the argument that philopatry is imposed by 'ecological constraints' in 
the form of a shortage of resources critical to breeding, illustrated by a linear increase in 
the incidence of male helpers among fairy-wrens as the availability of females declines. 
However, two anomalies emerge from comparisons between fairy-wrens and other 
cooperative species. First, if it is assumed that matings are confined to the dominant 
pair in each group, the rate of nuclear family incest is extraordinarily high, particularly 
in splendid fairy-wrens, where females are often philopatric (Ralls et al. 1986). The 
only other mammal or bird for which a higher rate of incest has been reported is the 
eusocial naked mole rat (Faulkes et al. 1990; Reeve et al. 1990). Second, in sharp 
contrast to all other cooperative breeders, wrens are strikingly sexually dimorphic, with 
brilliantly coloured males and drab females. 
In one of the most remarkable findings to emerge from analyses of parentage, 
Michael Brooker and colleagues made a discovery that could explain both these 
anomalies. From allozyme studies of Malurus splendens, they were able to determine 
that every group male could typically be excluded as the father of the offspring 
(Brooker et al. 1990). This result resolves the anomaly of apparently incestuous 
pairings and strong sexual selection on male colouration (because variance in male 
reproductive success is clearly much higher than suspected), but of course renders most 
previous analyses uninterpretable. 
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Because social pairings are often inbred, yet there is no evidence of inbreeding 
depression (Rowley et al. 1986), Brooker et al. ( 1990) concluded that this unusual 
mating system evolved as a means of inbreeding avoidance. Unfortunately, limitations 
of the technique of paternity exclusion left numerous questions unanswered. For 
example, the study was unable to determine the exact frequency of extra-group 
fertilisation, test the assumption that social pairs were genetically closely related, or 
determine whether any helpers contributed to reproduction within or outside the group, 
or more importantly, which extra-group males were responsible for fertilisations and 
whether clutches were fathered by more than one male. 
I had several aims in studying superb fairy-wrens. First, during a year of honours 
research in 1987, when I first encountered superb fairy-wrens, I witnessed numerous 
intrusions and displays by extra-group males. The frequency with which I observed 
these behaviours led me to suspect that superb fairy-wrens might exhibit a similar 
mating system to splendid fairy-wrens. Importantly, the superb fairy-wren differs from 
the splendid fairy-wren in at least one fascinating respect; whereas both males and 
females are philopatric in latter (Russell and Rowley in press), philopatry only by 
males, and obligate female dispersal have been documented for superb fairy-wrens 
(Rowley 1965). If a similar mating system existed in superb fairy-wrens then this 
would very unlikely be a consequence of incest avoidance, since the existence of a 
single dispersing sex significantly reduces the probability of inbred matings 
(Greenwood 1980). 
Secondly, I hoped to capitalise on remarkable recent developments in methods of 
paternity determination (Jeffreys et al. 1985; Burke and Bruford 1987) which used 
hypervariability in the amount and distribution of minisatellite DNA to determine the 
genetic 'fingerprint' of individuals, to resolve questions that could not be answered by 
use of protein heterozygosity techniques. 
This thesis is separated into two parts. Part one describes the demography of superb 
fairy-wrens. A general overview of the social organisation and breeding biology of 
superb fairy-wrens is presented in Chapter 2, in order to provide a background against 
which data can later be interpreted. Chapter 3 describes dispersal by superb fairy-
wrens. These data are of importance in determining a) female options for choice of 
their social mate, which may influence expression of choice outside the bond, and b) 
sex-biased patterns to dispersal, which are relevant to the interpretation of the mating 
system. 
Part two describe~ important aspects of the mating system of superb fairy-wrens. 
Chapter 4 reports on the first application of DNA fingerprinting to the Maluridae. I 
determine the percentage of young that were extra-group, how many broods contained 
extra-pair young, and attempt to establish whether helpers contributed to paternity, and 
whether females were closely related to their social mates. 
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Chapter 5 provides behavioural information relevant to the mating system. I 
monitored intrusions and displays by males, and the response of resident males and 
females to intruders, to find out whether males employ paternity guards. 
In most studies of mating, even those that document female preference, the question 
of what cues females might use to discriminate between males remains unanswered. 
Chapter 6 documents the highly variable seasonal patterns in acquisition of nuptial 
plumage by males and suggests a likely means by which females could assess males. 
Song may also play a role in male assessment. This idea is outlined in Appendix A, in 
a paper reporting collaborative research with Naomi Langmore. 
In Chapter 7, I examine the cloaca! protuberance and testes of male superb fairy-
wrens for evidence of anatomical adaptations to sperm competition. 
Last, in Chapter 8 I define the unique mating system of M alurus species. I propose 
that the characteristics of this mating system may be unusually well suited for 
investigation of current theoretical debate on intersexual selection. I point to remaining 
deficiencies in our knowledge of Ma/urus, and raise questions that might guide future 
research on these birds. 
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PART 1 
DEMOGRAPHY OF SUPERB FAIRY-WRENS 
I 
Chapter 2 
Population biology of superb fairy-wrens 
INTRODUCTION 
Superb fairy-wrens are small (ca. 10g), insectivorous passerines found throughout 
south-eastern Australia and Tasmania. They inhabit the understorey of eucalypt 
woodland and open forests, but are also common birds of suburban parks and gardens. 
They are conspicuously social, typically observed foraging in cohesive and vocal 
groups. Pairs, or groups comprising a female and several adult males inhabit all-
purpose territories year-round. During the breeding season, territorial skirmishes 
between neighbouring groups involving many individuals are common. In the non-
breeding season, territorial boundaries are relaxed and birds in neighbouring territories 
expand their ranges and often coalesce in large foraging flocks. 
Within multi-male groups, the oldest male is generally behaviourally dominant 
(Appendix B), and paired with the female (Rowley 1965). The remaining males 
(referred to as helpers; Rowley 1965) are usually the putative progeny of this 'primary' 
male. Typically they are philopatric sons that fledged in that territory from nesting 
attempts in previous seasons. Experiments suggest that these young males are 
philopatric because a shortage of resources necessary for breeding (primarily females) 
discourages dispersal (Pruett-Jones and Lewis 1990). All females disperse in their first 
year (Chapter 3) and gain a breeding position only by migrating to a new group. 
Among group members, only the female contributes to nest building and incubation, 
but all males help her to care for nestlings and fledglings (Rowley 1965). Females are 
multibrooded and nest several times in a single season (Rowley 1965). 
In this Chapter I describe some demographic attributes of the population of superb 
fairy-wrens that is the subject of this study. My purpose here is to present only 
demographic information that may be relevant to the mating system. These data form a 
subset of a more comprehensive analysis of demographic and reproductive data that 
will be presented elsewhere (Mulder, in prep.). Dispersal patterns are excluded from 
this Chapter, as they are discussed in Chapter 3. 
METHODS 
I studied superb fairy-wrens at the Australian National Botanic Gardens, a 40 ha site 
on Black Mountain, Canberra (149015' E 360()5' S) between July 1988 and October 
1991. Some preliminary trapping and observations on the composition of social groups 
were carried out during 1987, and relevant data from this period are included. 
Vegetation at the Botanic Gardens consists of irrigated plantations of native 
Australian trees and shrubs. Most of the ground cover is leaf litter, soil or bark chips. 
Fairy-wrens occupy most of this site in 30-40 small (ca. 0.6 ha) contiguous territories 
surrounding a large (2 ha) central lawn. This lawn was never occupied by wren 
territories, although it was used for feeding by large flocks of fairy-wrens in winter. 
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Individuals were captured in mist-nets and colour-banded, and social relationships 
and group histories of banded birds were resolved through weekly censuses. Territory 
boundaries were determined throughout the study by recording sightings of individuals 
and plotting the location of border disputes. 
During each breeding season, I located active nests, and colour-ringed all young in 
the brood. Sexes were determined from examination of captured birds, and 
observations of individuals in the field. Adult superb fairy-wrens are sexually 
dichromatic, but recently fledged juveniles of both sexes resemble females. However, 
males could be distinguished from females about four months after fledging, when they 
developed the black bills and blue tails that are characteristic of adult males. 
Since most males were philopatric, the proportion of males that were of known age 
from colour-marking in the nest increased as the study progressed. However, adults 
may be long-lived, and numerous males marked as adults of unknown age when the 
study commenced were still present at the completion of the study. Most females were 
immigrants from outside the study population, so that ages of females could rarely be 
determined from banding in the nest. However, because all long distance dispersals 
were by yearling females (Chapter 3), I was able to assign ages to many females by 
assuming that immigrants of unknown origin must have been yearlings. 
RESULTS AND DISCUSSION 
Group composition 
Table 1 shows the relative frequency of social units of different sizes (excluding 
young of the year) occupying territories on the study site. About 43% of territories 
were occupied by pairs. Groups containing one or two helpers were common, but 
larger groups were rare. Every bird helping for an entire season was male ( on two 
occasions, a yearling female provisioned at an early nest, but every female dispersed 
before the mid-point of the breeding season). Most helper males were yearlings, but 
one individual remained in his natal group without gaining a social mate for at least five 
years (Fig 1 ). Males paired on average at age 1.8 years (Table 2), often by inheriting 
their natal territory. 
Only about half of all pairings persisted from one breeding season to the next (Table 
3). The most common cause of pair break-ups was the death of one member of the pair. 
Members of surviving pairs characteristically showed high social fidelity to their mate; 
divorces were rare (Table 3). Rapid mate switching (eg Kharitonov and Zubakin 1984) 
never occurred among social pairs of superb fairy-wrens. 
All adult males appeared to be capable of reproduction during the breeding season 
(Chapter 7), and the operational sex ratio (OSR; the ratio of sexually active males to 
reproducing females) was thus heavily male biased in all years of the study (Table 1). 
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Nesting 
The first egg of the season was generally laid in the second or third week of 
September of a given year. By late January of the following year, most groups had 
ceased nesting, and the latest known brood fledged in the second week of February. 
Nesting was highly asynchronous and during most of the breeding season nests 
could be found at any stage of development (Fig 2). Nesting asynchrony was 
introduced by variation between females in the date on which the first nest was built, 
and amplified by a) multibrooding, where females re-nested later in the season after 
successfully fledging young from an earlier nest and b) heavy and erratic nest 
predation, which induced immediate rebuilding and laying of a fresh clutch. 
Females built a mean number of 3.5 + 0.1 SD nests per season (N=51), but generally 
fledged young from only 1.3 + 0.1 SD (N=51). Clutch size numbered one to four, with 
a mode of three eggs (mean 3.2 + 0.6 SD, N=328, Fig 3). After two weeks of 
incubation, the young hatched synchronously and fledged 12 to 14 days later. Young 
attained foraging independence about four weeks after fledging. 
Nest failure 
Between 58 and 63% of nests failed to fledge young. All instances of nest failure 
could be attributed to three major sources (Table 4). The primary cause of nest failure 
each year was predation, accounting for 90% of 208 nest failures. Predation of a nest 
was never witnessed, but predation events were unambiguous; typically the entire 
clutch or brood disappeared, the nest was damaged, and feather lining was torn out. 
Several known nest predators were identified at the study site: pied currawongs 
Strepera graculina, ravens Corvus coronoides, foxes Vulpes vulpes, feral cats F elis 
catus and eastern brown snakes Pseudonaja textilis. Pied currawongs appeared to be 
the most significant nest predator. Numerous numbered aluminium rings recovered 
from regurgitated pellets underneath pied currawong nests revealed that currawongs 
feed their own young with fairy-wren nestlings and fledglings, and that occasionally 
they also prey on adult fairy-wrens. 
Rates of nest predation through the breeding season were highly variable (Figure 4a). 
Clutches initiated very early in the breeding season often succeeded, but rates of 
predation increased rapidly several weeks into the breeding season. Predation rates 
dropped as the season progressed, leading to improved fledging success (Fig 4b). The 
seasonal peak and subsequent decline in nest predation rates could result either from 
variation in abundance of a key predator, or alternatively, changes in preference for 
prey types. None of the known predators of fairy-wren nests show significant 
fluctuations in population numbers over the course of the breeding season, so a switch 
in prey selection by one or more predators is more likely. In December, a spectacular 
annual influx of Christmas beetles (leaf-feeding scarabaeids, Anoplognathus spp.) takes 
place, and during that time beetles are the chief component of currawong pellets 
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(personal observation). Since pied currawongs appear to be the most significant 
predator of fairy-wren nests, the superabundance of this alternative prey item may 
explain why predation rates on nestlings drop sharply at that time. Similarly, early 
nesting females may enjoy lower rates of nest predation because nests are not yet 
sufficiently common to be profitable prey items. 
Only 3% of nests failed due to parasitism by cuckoos (Horsfield's Bronze Cuckoo 
Chrysococcyx basa/is in every instance; Table 4). Cases of parasitism were most 
common during December of each season. Notably, in every case (N=6), the foster 
parents eventually ceased provisioning and the nestling cuckoo starved. These rates of 
parasitism are significantly lower than those reported for some other fairy-wren 
populations (eg Rowley 1981). 
Survival of eggs to yearlings is illustrated in Figure 5. Starvation of nestlings was 
extremely rare, and almost all attrition in the nest and shortly after fledging could be 
attributed to predation. 
Adult survival 
Mean annual survival rates for adults were 0.70 + 0.07 SD (N=124) for females and 
0.67 + 0.05 SD (N=247) for males over the three years of the study (Figure 6). There 
was no evidence of any strong seasonal biases to mortality. Survival rates did not differ 
significantly between years for either sex (males: x2=0.38, df 2, p=0.83; females: 
x2=2.03, df=2, p=0.36). There was also no difference between primary males and 
helpers in annual survival rates Cx2=0.0l, df=2, p=0.95). 
Annual survivorship was similar for all age classes of females and males (Fig 7), 
with the exception of the oldest male age class, in which survival was low. Most of the 
mortality contributing to this decline occurred during July and August, shortly before 
the start of the breeding season. At this time males characteristically engage in 
intensive bouts of displaying for females in neighbouring territories (Chapter 5). The 
energetic costs of this behaviour may be a contributing factor to the abrupt mortality of 
many individuals in this age class. 
Comparison with other study populations 
The Botanic Gardens population is characterised by relatively high density. In this 
population, territory sizes are smaller than those reported in other studies (Tidemann 
1983; Nias 1984), probably because of the excellent habitat quality in the Botanic 
Gardens. Mean group sizes occupying these territories correspond to those measured in 
other studies, resulting in a higher population density. Cooperative groups occur at 
similar frequencies to those described in other studies, and adult survival is similarly 
high. Reproduction by superb fairy-wrens at all sites is characterised by high rates of 
nest predation, infrequent starvation by nestlings, and low fledging success. 
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Table 1. Composition of superb fairy-wren groups in the Australian National Botanic 
Gardens, 1986-1990 (N= 170 group years). Numbers listed are percentages of the total 
for each year. Group size was calculated as the number of adult birds present in the 
group at the end of each breeding season. All helpers at this time were males. 
Group size (number of helpers) 
Season 2 (0) 3 (1) 4 (2) 5 (3) OSR* 
86/87 40 20 10 30 2.6: 1 
87/88 27 40 30 3 2.1 : 1 
88/89 42 27 24 7 2.0: 1 
89/90 49 37 12 2 1.7 : 1 
90/91 53 29 18 0 1.6: 1 
Overall 43 32 20 5 1.9: 1 
*Operational Sex Ratio; the ratio of sexually active males to reproducing females. 
Table 2. Age at first pairing for male superb fairy-wrens (n=129). 
Shown are numbers of individuals, and the proportion of all breeders 
first pairing at a given age. 
Helped Disappeared Paired Proportion first pairing 
1st year 78 35 16 0.37 
2nd year 28 17 22 0.50 
3rd year 6 7 5 0.11 
4th year 1 3 1 0.02 
5th year 1 0 0 
Mean age 1.41 1.64 1.80 
(N) 
(10) 
(33) 
(41) 
(41) 
(45) 
(170) 
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Table 3. Survival of pair bonds between breeding seasons, 1987-1991. 
Seasons N % pairs % birds % surviving disappeared widowed pairs divorced 
87 /88 - 88/89 16 12.5 12.5 0.0 
88/89 - 89/90 35 14.3 31.4 5.3 
89/90 - 90/91 42 11.9 47.6 5.9 
All years 93 12.9 35.5 4.2 
Table 4. Fate of superb fairy-wren nests in the Australian 
National Botanic Gardens over three breeding seasons (1988/89 
-1990/91). Only nests in which females laid eggs are included. 
Percentage of nests 
Nest fate 88/89 89/90 90/91 Overall 
Predation 56.6 52.3 56.2 55.1 
Fledged young 37.2 38.5 41.6 38.8 
Abandoned 4.1 6.4 2.2 4.4 
Parasitised 2.1 2.8 0.0 1.7 
(N) (145) (109) (89) (343) 
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Table 5. Demographic attributes of the Australian National Botanic Gardens study 
population, compared with those reported for the only other studies of superb fairy-
wrens. 
This study Nias 1987 Tidemann 1983 Rowley 1965 
Location Canberra Armidale Booligal Canberra 
Est population density 3.6 2.0 1.2 (wrens/ha) 
Mean group size 2.9 2.8 2.0 2.4 
Territory size 0.6 1.43 1.62 
% cooperative groups 57 63 0 33 
Operational sex ratio 1.9: 1 1.8 : 1 1.0: 1 1.4: 1 
Adult survival (%) 69 51 64 
Fledging success 0.39 0.39 0.40 
Nestling starvation Rare Rare Rare Rare 
Rate of nest predation High High High 
16 
17 
0.7 78 
0.6 
en 
"-
Cl) 0.5 a. 
Cl) 
.c 
-
0.4 0 
C 
0 
t 0.3 
0 
a. 
0 
"- 0.2 a_ 
0.1 
1 1 
0 
1 2 3 4 5 
Age (years) 
Figure 1. Frequency distribution of helper age classes, for birds of known age. 
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Figure 2. Nesting chronology of superb fairy-wrens, 1988/89 - 1990/91 (pooled data). 
Each bar represents one week. Nesting is highly asynchronous. Active nests at 
different stages of development were present throughout the breeding season. 
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Figure 4. Seasonal rates of predation on superb fairy-wren nests: a) mean daily 
predation rate over the 28-day period following laying of the clutch, calculated from 
week-specific predation rates for each stage of the nest cycle, b) proportion of clutches 
initiated at different stages of the breeding season that successfully fledged young. 
Sample sizes are numbers of nests. Each mark on the x-axis denotes one week. 
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Figure 6. Annual survival of adults, measured from the start of one breeding season, to 
the start of the next, over three years ( 1988/89 to 1990/91 ). Points represent the first 
day of each month. Graphs show a) females and b) males. 
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Figure 7. Annual survival of adults of known age, measured from the start of one 
breeding season, to the start of the next. Points represent the first day of each month. 
Graphs show a) females, and b) males. 
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Chapter 3 
Natal and breeding dispersal 
in superb fairy-wrens 
I 
ABSTRACT 
Natal and breeding dispersal of yearling and adult superb fairy-wrens (Ma/urus 
cyaneus) were studied for five years in Canberra, Australia. Superb fairy-wrens are 
cooperative breeders and exhibit male philopatry and female-biased dispersal. Sixty-
four percent of males acquired a social mate without leaving their natal territory, and 
dispersal by males was prompted mainly by breeding vacancies in nearby territories. 
All females dispersed in their first year. They travelled further than males, and either 
gained a breeding position at age one year, or died. No female ever bred in her natal 
territory. Dispersal by yearling females took place in two discrete phases; early-
dispersing females fledged earlier and dispersed further than late-dispersing females. 
Dispersal by established breeders was uncommon, and involved both widowing and 
divorce. Breeding dispersal was female-biased. 
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INTRODUCTION 
Patterns of philopatry and dispersal, and analysis of their costs and benefits, lie at 
the heart of complex sociality in birds and mammals. For example, communal breeding 
in birds is thought to result from ecological constraints on dispersal (Brown 1978; 
Emlen 1982) and benefits of philopatry (Stacey and Ligon 1987, 1991). More 
generally, philopatry or dispersal by relatives will determine whether kin selection 
plays a role in shaping social systems, as will the opportunity to optimise mate choice, 
for example by avoidance of incest. 
Here I report a comparatively large number of observations of philopatry and 
effective dispersal events in the cooperatively breeding superb fairy-wren Malurus 
cyaneus. In this species, males are generally philopatric and may remain in their natal 
territories as helpers for up to six years, but females disperse (Rowley 1965). These 
data are of general interest for three reasons. 
First, dispersal in this species has been the subject of two recent experimental 
investigations, which produced opposing results. On the one hand, Pruett-Jones and 
Lewis (1990) found that male dispersal could always be prompted by the presence of an 
unpaired female in an adjacent vacant territory, but not by a vacant territory alone. 
They concluded that male philopatry was enforced primarily by a shortage of females, 
but also by a lack of available territories. By contrast, Ligon et al. (1991), approaching 
the problem in a different way, found that experimentally removed females were 
rapidly replaced and artificially created habitat was never occupied. Their experiments 
suggested that neither females nor territories were in short supply. Resolution of these 
conflicting results is hampered by the fact that few data exist describing natural patterns 
of philopatry and dispersal by females and males in this species. 
Second, neither study addresses why there might be a shortage of female mates in 
superb fairy-wrens. Rowley ( 1965) documented that all females disperse, and 
suggested that mortality associated with dispersal was the major source of a male-
biased sex ratio among adults. Yet if dispersal is costly, and constraints on dispersal 
enforce philopatry, female philopatry would be predicted. Obligate dispersal by female 
superb fairy-wrens is unlikely to be an example of the retention of a currently 
disadvantageous ancestral trait, because in the splendid fairy-wren, female philopatry is 
common. In this species, females often become helpers, and more than one female may 
breed on a territory (Rowley et al. 1989; Russell and Rowley in press). 
Third, Pruett-Jones and Lewis (Pruett-Jones and Lewis 1990) reported that females 
showed no discrimination between males when forming pair bonds which are likely to 
last for the rest of their lives. The first male arriving on a territory occupied by an 
unpaired female was always accepted as her new mate. It has been suggested for birds 
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that female opportunities for mate selection may be limited by constraints such as the 
costs of searching for, and evaluating mates, and by the length of the breeding season 
(M¢ller 1991). As a result, some females may be paired with undesirable males, and 
attempt to compensate for this by engaging in extra-pair matings with other, better 
quality males (Birkhead and M¢ller 1992). The rate of extra-pair fertilisation is higher 
in superb and splendid fairy-wrens than in any other birds (Brooker et al 1990; Chapter 
4), suggesting that females express mate choice outside the pair bond in this way. 
However, it is not clear why females should be restricted in their choice of social mate, 
given that the operational sex ratio (the ratio of sexually active males to reproducing 
females) is biased heavily toward males. 
METHODS 
I studied superb fairy-wrens at the Australian National Botanic Gardens, a 40ha 
plantation of Australian native shrubs and trees on Black Mountain, Canberra (149015' 
E 36005' S). Fairy-wrens occupy most habitat at this site in 30 to 40 contiguous 
territories (ca. 0.6 ha) per territory. 
Individuals were captured in mist-nets and colour-banded, and social relationships 
and group histories of banded birds were resolved through weekly censuses. Sexes 
were determined from captures and observations of individuals. Adult superb fairy-
wrens are sexually dichromatic, so sex can be determined readily in the field. Recently 
fledged juveniles of both sexes resemble females, but males could be distinguished four 
months after fledging because they developed black bills and blue tails, which are 
characteristic of adult males. I determined territory boundaries throughout the study by 
recording sightings of individuals and plotting the location of border disputes. 
Superb fairy-wrens breed between September an~ February. They are multibrooded 
fledging young from up to three nests during a single breeding season. During each 
breeding season, I located active nests and colour-banded all young in the brood seven 
or eight days after hatching. After fledging (12 to 14 days after hatching), I visited each 
group at weekly intervals to determine which young were still present in their natal 
territory. Young attained foraging independence about four weeks after fledging. 
To locate dispersers, habitat around the study site was searched systematically every 
year, generally between March and August. Interactions between dispersing females, 
and residents in the group they apparently were trying to join were often noticed 
because males were heard to utter an unusual low churring call. This call was heard 
exclusively in this context and appears to resemble Rowley's (1963) 'threat' call. Often 
banded individuals were seen attempting to join an alien group on a single occasion and 
then disappeared; I assume these individuals were in the process of dispersing. Several 
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additional dispersal records were obtained from reports by the Australian Bird and Bat 
Banding Scheme of recoveries of dead birds by members of the public. 
For each disperser I estimated the minimum number of territories it must have 
traversed to reach its final location. Some individuals crossed areas which were not 
occupied by fairy-wren territories; in these cases I divided the straight-line distance by 
the mean territory width (80m) to obtain a relative measure of distance. 
RESULTS 
Natal dispersal 
Figure 1 demonstrates clearly the different dispersal strategies of yearling males and 
females. Every female emigrated from her natal territory within 12 months of fledging. 
By contrast, most yearling males (87%, 82/94) were philopatric. Only 12% (16/129) of 
yearling males acquired a mate, whereas all females either became breeders at age one 
year, or they disappeared. The dispersal distances of male and female yearlings showed 
minimal overlap. Females moved a mean distance of 11.8 territories, compared with a 
mean distance of 0.2 territories for males (Mann-Whitney U-test; n1 =42, n2=94, Z 
corrected for ties=-10.21, p<0.0001). Given that individuals disperse in numerous 
directions, male and female dispersal ranges are probably entirely separate. 
Females 
Young females dispersed in two distinct phases (Fig 2); an 'early' phase soon after 
fledging (2 to 14 weeks), and a 'late' phase shortly before the following breeding season 
(28 to 40 weeks after fledging) . There was a bi-modal pattern of both female dispersal 
and immigration, which suggests that this pattern of female dispersal also occurred in 
neighbouring areas (Fig 3), and was not unique to this population. 
Females dispersing during the early phase generally fledged from broods earlier in 
the breeding season (mean fledging date (+ SD) of early dispersers: 23 December+ 21 
days, N=16; late dispersers: 20 January+ 22 days, N=6; t=9.25, p<0.01). None of the 
females remaining in their natal group until the late dispersal phase fledged earlier than 
9 December. This suggests that either early-fledging females undergo obligate early 
dispersal, or the primary sex ratio of early broods is heavily male-biased. 
Early dispersers moved further (16.9 + 10.1 [SD] territory widths) than those 
dispersing in the late phase (5.6 + 6.6 territory widths; Mann-Whitney U-test, n1=19, 
n2=26, Z corrected for ties=-4.16, p<0.0001). Early and late dispersers fledged with 
similar numbers of broodmates (t=0.44, df 24, p=0.66). In one instance the same 
brood yielded both an early-dispersing female and a late-dispersing female. Group size 
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at independence (the time of early dispersal) did not differ between early and late 
dispersers (t=-0.85, df 23, p=0.41). 
The late dispersal phase, which occurred between July and October, has been 
described by Rowley ( 1965). Emigration during this phase is conspicuous because it is 
induced by persistent maternal aggression (pers. obs.). Rowley (1965, p284) described 
mothers and daughters as 'mutually intolerant' (which might suggest that they compete 
for the breeding vacancy in the group), but I only observed aggression by mothers 
toward daughters. 
The early dispersal phase accounted for a substantial proportion of all natal female 
dispersals detected ( 43%, 19/45). Other studies of superb fairy-wrens assumed that 
females do not leave their natal groups until the late dispersal phase talces place 
(Rowley 1965; Tidemann 1983; Nias 1987; Ligon et al. 1991). It is not clear whether 
females departing during the early phase are evicted or leave of their own volition, but 
during the early phase I never observed parental aggression directed at recently 
independent young, in contrast to the conspicuous aggression that was seen during the 
late dispersal phase. 
Early dispersing females often settled with groups that already contained an adult 
female, so early emigration did not always result in an immediate breeding opportunity. 
If the resident female was still present in the group several months later (at the start of 
the subsequent breeding season), these yearlings underwent a second dispersal. 
However, more than half (58%, 11/19) managed to gain breeding status in a nearby 
territory, or to inherit the breeding position because the resident female died. Three 
females (16%) were known to have died in the course of early dispersal, and five (26%) 
were absent from the group they originally dispersed into during the breeding season 
following dispersal (these were assumed not to have gained a breeding position). Of 19 
female immigrants that arrived in the study population between January and March 
(presumably early dispersers), 89% settled in groups already containing a resident 
breeding female. Twelve early immigrants (63%) eventually acquired breeding status; 
the remaining seven disappeared after tenancy of between one and eight months. 
All late dispersal detected was effective dispersal. This is because dispersal during 
the late phase takes place at the onset of breeding (when established females evict 
potential competitors), so settlement may be impossible unless a breeding vacancy is 
available. Females that are unable to settle probably die; experimental studies at a 
nearby site (SG Pruett-Jones, pers. comm.) and observations of this population suggest 
there is no 'floater' population of females during the breeding season. 
I estimated mortality during late dispersal by calculating the percentage of yearling 
females surviving from the late dispersal phase to successful territory establishment. In 
1990, I subsequently located seven of 19 (37%) yearlings disappearing during the late 
phase, in 1991, three of seven (43%). In 1992, only two of 11 were located (1 2%), but 
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I was unable to complete an equivalently thorough search. Unfortunately, because 
young cannot be sexed before the early dispersal phase takes place, it was not possible 
to compare the proportion of females from each phase settling successfully. 
Survival rates of breeding females are similar from year to year (Chapter 2), so 
similar numbers of vacancies should become available from year to year. I therefore 
interpret the similarity in percentages of females located between years as evidence for 
the fact that I located most successful dispersers (this assumes that all new breeding 
vacancies result from deaths rather than take-overs, which is true for superb fairy-
wrens). Females dispersing during the late phase therefore probably experience 65-
75% mortality. 
Some studies of dispersal in communal breeders have reported that individuals may 
disperse in sibling groups (Ligon and Ligon 1978; Koenig and Mumme 1987). 
Dispersing female superb fairy-wrens have been observed travelling in pairs (Rowley 
1965; pers. obs.), and on one occasion two dispersing sisters settled in neighbouring 
territories. These anecdotal observations suggest that dispersal by female superb fairy 
wrens may be social, although females travelling as pairs may not be related. 
Males 
Some males remained unpaired in their natal territories for up to five years. The 
pattern of dispersal among adult males was identical to that of yearling males, with 
87% (55/63) unpaired males remaining in their natal territory from one year to the next, 
and eight individuals dispersing between one and three territory widths. Many males 
(64%, 28/44) eventually gained a mate without dispersing, by inheriting their natal 
territory, or a portion of it. Males paired on average at age 1.8 years of age (Chapter 2). 
Breeding dispersal 
Breeders dispersed in one of two contexts. They divorced their mate and settled in a 
new territory, or sometimes they left the territory after their mate died (Fig 3) . Divorces 
were infrequent (89% of pairs [62nO] surviving from one season to the next stayed in 
the same territory with the same partner), and most widowed birds remained in their 
territories (85%, 39/46), so breeder dispersal was an uncommon event (Fig 4). 
Dispersing breeders typically moved short distances (Fig 4; females 2.3 + 1.5 [SD] 
territory widths; males: 1.4 + 0.5 territory widths; Mann-Whitney U-test, n1 =15, n2=5, 
Z corrected for ties= -0.94, p=0.35). 
Breeding females were more likely than males to disperse in the course of divorce 
(Fig 4). In 75% of 12 divorces the female moved to another territory, in 17% the male, 
and once both birds left the territory (Fig 4). In three cases, males appeared to be in the 
territory alone for up to a month following dispersal by the female, suggesting females 
initiated divorce. Of ten females moving in a divorce, six moved between breeding 
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seasons and four moved within one breeding season. All four females moving within 
one breeding season had not fledged any young that season, and three (50%) of those 
moving between seasons had not fledged any young in the season before they divorced. 
However, given the small sample sizes, these percentages are not dramatically different 
from failure rates of 40% (n= 103 females) among non-divorcing females. 
Birds might be divorcing to find a better mate. In 2 of 3 divorces where the male 
moved, his new partner was an older female. In 4 of 7 cases where the female moved 
and the age of her new mate was known, she paired with an older male. Thus there is 
no significant pattern in selection of new mates on the basis of age. 
A sex-bias in dispersal was also apparent among widowed birds; 75% of movements 
by widowed birds were by females (Fig 4). Twenty-four percent of 25 widowed 
females left the territory, whereas 10% of 21 widowed males did so. 
There was little evidence that females dispersed in order to avoid inbred matings. 
Where a widowed female had the option of remaining in the territory and pairing with a 
son, she usually did so (79%, 11/14). Only two pairings with sons later led to divorce. 
In the only three cases where a widowed female did not pair with an available son, his 
eventual mate (an immigrant female) was already present in the group before the 
widowed female left, so it seems more likely that dispersal by the widowed female was 
a consequence rather than a cause of her son pairing with another female. 
Effects of population density 
The density of individuals in the ANBG is higher than that reported in other studies 
(Chapter 2). This might influence patterns of immigration and emigration. To 
determine whether the ANBG might be a dispersal source or sink, I compared the 
number of immigrant females that became breeders in the ANBG to the number of 
females from the ANBG population that settled as breeders elsewhere between 1988 
and 1991 (Table 1). Given that some successful dispersals probably remain undetected, 
these data suggest that emigration and immigration are in approximate balance, and the 
high density of the population in the Botanic Gardens does not bias dispersal patterns. 
DISCUSSION 
Male philopatry 
Two recent experimental studies attempting to explain male philopatry in superb 
fairy-wrens reached opposite conclusions. One study (Pruett-Jones and Lewis 1990) 
suggested that philopatry was enforced primarily by a shortage of females, and 
secondarily by a shortage of habitat, whereas the other (Ligon et al. 1991) concluded 
that neither suitable habitat, nor females were in short supply. Information on the 
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timing of dispersal from this study shows that these seemingly disparate results can be 
reconciled. For example, Ligon et al ( 1991) attempted to show that females were not 
limiting by removing them from their territories and observing whether they were 
replaced. Of ten vacancies created, all were filled within several days, but removals 
were carried out only during August and September. Thus their conclusion that a 
permanent population of floater females exists is disputable. The experiments show 
only that female vacancies created during a period of peak dispersal are rapidly filled. 
The experiments of Pruett-Jones and Lewis (1990) were carried out after breeding had 
started, between October and December, and their experiments strongly suggest that 
females are limiting after breeding commences. 
Combined, descriptive and experimental data show that neither the presence of 
females nor vacant territories alone is sufficient to prompt dispersal. Males will not 
disperse into vacant territories unless a female is present (Pruett-Jones and Lewis 1990). 
But when females are apparently abundant, early in the breeding season, unpaired 
males do not disperse either, probably because vacant suitable habitat is always in short 
supply. This shortage of habitat apparently discourages male dispersal, even when 
females are available. Once breeding is under way, males do not capitalise on rare 
territorial vacancies unless a direct breeding opportunity, in the form of a nearby 
female, is available. 
Why are females in short supply? 
Both observational (this study) and experimental evidence (Pruett-Jones and Lewis 
1990; Ligon et al. 1991) suggest that the availability of females fluctuates throughout 
the year. Females appear to be in short supply only during the breeding season, and the 
most likely reason for this shortage of females is costly dispersal. Females undergo 
obligate dispersal, and those that are unsuccessful at finding a breeding position 
probably die in the attempt. My estimates of mortality rates (65-75%) during the late 
dispersal phase suggest that the costs of failed dispersal (and hence dispersal risk) are 
very high (see also Rowley 1965). 
Why do females disperse? 
The main benefit cited to dispersal by females, is that they enjoy better choice 
among males (Greenwood 1980). Yet in superb fairy-wrens, natal dispersers have few 
options for choice of social mate, established females show no obvious discrimination 
between prospective social mates, and in any case, both are able to express mate choice 
outside the pair bond through extra-group copulations. The absence of identifiable 
benefits to choice of pair-bond mate, together with the extreme costs of failed dispersal 
predict that females should benefit more from being philopatric. Why, then, do females 
always disperse? 
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The proximate reason for natal emigration by females during the late dispersal phase 
appears to be maternal aggression, suggesting that the ultimate cause of dispersal 
during this phase is intra-sexual competition. Mothers might evict their daughters 
because they risk having their clutch parasitised (Lidberg and Von Schantz 1985), and 
because males in the group might provide parental care at another female's nest. 
However, studies of splendid fairy-wrens imply that neither of these potential costs are 
sufficient to explain why females are evicted. In splendid fairy-wrens, groups 
frequently contain female helpers, yet no instance of brood parasitism has ever been 
detected (Brooker et al. 1990). Furthermore, plural breeding (where a second female, 
usually a daughter, nests in the same territory) is common, but costs to the established 
female in the form of lost help are insignificant, because the two females usually nest 
asynchronously (Rowley et al. 1989). Therefore, it is difficult to envisage how egg 
dumping or lost parental care could contribute importantly to female-biased dispersal in 
superb fairy-wrens. 
Inbreeding avoidance is potentially important in cooperative breeders, because 
groups are apparently composed of closely related individuals. However, inbreeding is 
unlikely to play an important role in determining dispersal patterns in superb fairy-
wrens, because females mate predominantly with males outside their group and thus are 
able to avoid incest even if they are paired with relatives. Perhaps for this reason, 
widowed female superb fairy-wrens show no evidence of avoiding pairings with sons. 
In splendid fairy-wrens, females often do not disperse and inbred pairings are unusually 
prevalent, yet there is no evidence of inbreeding depression (Rowley et al. 1986). This 
species exhibits a similarly high rate of extra-group fertilisation (Brooker et al. 1990). 
Although even extra-group matings may involve close relatives if sons disperse only 
short distances, the absence of any evidence for inbreeding depression suggests that the 
costs of such matings, if they occur, are low (Rowley et al. 1986). 
Further experiments, for example involving removals of breeding females shortly 
before dispersal, are required to determine unequivocally whether female dispersal is a 
consequence only of maternal expulsion, or has an innate component. 
Why does female dispersal occur in two phases? 
There is no seasonal bias in mortality of breeding females in the ANBG population 
(Chapter 2). Thus seasonal survival patterns offer little insight into reasons for early 
dispersal by female superb fairy-wrens, since early-dispersing females probably do not 
benefit by higher success rates at occupying breeding vacancies. A comparison of the 
proportion of dispersers from each phase successfully gaining a breeding position 
would be informative, but because young could not be sexed at fledging, and fledglings 
suffer high mortality, it was not possible to determine what proportion of females 
emigrated early, and what proportion of early dispersers eventually gained breeding 
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status. Work in progress on sex determination through karyotyping in superb fairy-
wrens (Mulder, in prep.) should resolve this problem through determination of the 
secondary sex ratio. 
Nilsson (1989) reported that early-hatching marsh tits (Parus palustris) moved 
further than late-hatched young. One reason for such a difference might be that early 
dispersers benefit because they can afford to be more selective in their choice of 
territory (Nilsson 1989). Early-fledging female superb fairy-wrens also tend to disperse 
early and move further than late-fledging females, and might similarly derive choice 
benefits from early dispersal, by settling in higher quality territories. Most are 
eventually accepted into territories before winter, in groups already contain breeding 
females. Thus early dispersal is not always effective dispersal (ie does not always lead 
directly to a breeding opportunity), but it may be less costly than failed late dispersal. 
Females emigrating during the late dispersal phase delay the costs of dispersal but 
probably have less opportunity to exercise choice, since they compete for a limited 
number of breeding vacancies, and the costs of failing to settle successfully appear to be 
extreme. An alternative explanation for the bi-modal dispersal pattern is that the risks 
of dispersal select against moving at certain times of year. For example, only early-
fledging females may be able to attain a threshold level of condition necessary for 
dispersal before resources decline in abundance. 
Dispersal and the mating system 
If females are constrained in their choice of social partner, they may ameliorate this 
by seeking extra-group copulations (Birkhead and M~ller 1992). In superb fairy-wrens, 
dispersing females have few options for where to settle and are therefore probably 
constrained in their choice of mate. This, then, may contribute to the explanation for 
frequent extra-group copulation. However, it is not clear why females should be 
constrained in their choice of mate. All populations of superb fairy-wrens studied to 
date have reported a heavily male-biased sex ratio among adult birds (Rowley 1965; 
Nias 1987). Because the sex ratio is male-biased, females should be able to enjoy 
choice among numerous males. 
Habitat saturation offers the most plausible explanation for constraints on female 
choice of social partner given an operational sex ratio biased toward males. In this 
study, vacant territories were rare. Although formerly occupied territories often 
remained vacant for several months, none remained vacant for more than a year. Males 
do not disperse into vacant territories in the absence of a female (Pruett-Jones and 
Lewis 1990). Even when both members of a social pair disappeared, helpers usually 
remained in the territory. There were four cases where a territory became completely 
vacant in this study; the area was incorporated into the ranges of neighbouring groups 
in three instances. In the fourth case, the territory became vacant in March and 
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remained unoccupied until the following August, the late female dispersal phase, when 
a former helper and an immigrant female settled there. This anecdote confirms Pruett-
Jones and Lewis' (1990) experimental finding that males will not move into vacant 
territories until a female becomes available. In effect, a shortage of habitat may mean 
that both sexes are constrained in their opportunities for mate selection. 
Why do breeders disperse? 
Dispersal by breeders is also female-biased. In particular, females are more likely 
than males to disperse in the event of divorce. Females might be abandoning males, or 
males could be evicting females. Males are socially dominant to females, but it is more 
likely that females are leaving males, because the operational sex ratio in the population 
is strongly male-biased, so females are in short supply. Furthermore, I never saw any 
evidence of aggression by males to their mates prior to a divorce. 
The trade-offs between costs and benefits of divorce are typically difficult to assess. 
For example, comparisons of the reproductive success of an individual before and after 
divorce may not control for effects of age or experience. Even comparisons between 
divorced and faithful pairs controlling for these variables are unable to address the 
crucial question of how a bird would have performed, had it not divorced. However, 
several aspects of fairy-wren behaviour suggest that it is unlikely that females are 
moving because they are seeking a superior mate. First, the high frequency of extra-
group copulations suggests that social pairings have little relevance to paternity. Thus 
females paired to a genetically inferior mate would have little to gain by dispersing. 
Second, widowed females showed little evidence of discriminating between social 
mates. Female movements are therefore more likely to reflect dissatisfaction with some 
aspect of territory quality rather than the quality of their current social mate. 
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Table 1. Immigration and emigration from the 
Australian national botanic Gardens, 
1989-1991. 
Immigrants Breeders 
Year settling exported 
as breeders fromANBG 
1989 9 10 
1990 13 7 
1991 9 4 
All years 31 21 
x=l.92, p=0.38. 
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Figure 1. Frequency distribution of movements by yearling male and female superb 
fairy-wrens. Figure shows pooled data from 1987-1991. Two yearling males that left 
their natal territories for several weeks, but returned, are included as non-dispersers. 
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Figure 2. Timing of natal dispersal for females, determined from weekly censuses. 
Graph shows combined data for 1988/89 to 1990/91. 
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departing or arriving through the year, for three years (1988/89 to 1990/91). 
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Fig 4. Flow diagram summarising 20 dispersals by adult superb fairy-wrens from 
territories in which they were previously established as breeders. 
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male and female superb fairy-wrens. 
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THE MATING SYSTEM OF SUPERB FAIRY-WRENS 
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Chapter 4 
Extra-group males sire most offspring in 
cooperatively breeding superb fairy-wrens 
( co-authored by Peter Dunn, Kate Lazenby-Cohen, 
Andrew Cockburn and Mike Howell) 
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ABSTRACT 
A DNA fingerprinting study of cooperatively superb fairy-wrens revealed that they 
have highest frequency of extra-pair fertilisations of any bird. Seventy-eight percent of 
157 offspring resulted from extra-pair fertilisations, and 95% of 37 entirely-sampled 
broods contained at least one illegitimate young. There was no evidence of intra-
specific brood parasitism. Helpers from within the group fathered only four of the 
illegitimate offspring; thus most fertilisations are by males from outside the group. We 
found that paired males and females were typically unrelated, and that females did not 
avoid incest with helpers or sons in neighbouring territories. Thus frequent extra-pair 
fertilisations are unlikely to result from inbreeding avoidance. We found in a small 
sample of extra-group fathers that fertilisations were distributed asymmetrically 
between males, that successful males gained fertilisations in several territories, that 
females mated with the same male over several years, and that offspring and 
grandoffspring resulting from extra-group matings themselves gained extra-group 
matings. Thus our preliminary data suggest a mating advantage for the offspring of 
successful extra-group males, supporting good genes models of female choice. 
-
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INTRODUCTION 
In most birds, females and males form strong social pair bonds (Lack 1968). These 
strong associations suggest monogamy, but recent studies of numerous species show 
that copulations outside the pair bond may occur, and that these often result in 
fertilisations (Birkhead and M0ller 1992). Studies employing genetic techniques to 
determine paternity have documented considerable variation in the frequency of extra-
pair fertilisation. For example, Gyllensten et al. (1990) found no evidence for any 
extra-pair offspring in monogamous and polygynous warblers (Phylloscopus spp.), 
whereas 35-40% of chicks in indigo buntings (Passerina cyanea) result from extra-pair 
matings (Westneat 1987b; Westneat 1990), and, in the most extreme example reported 
so far, at least 65% of offspring of splendid fairy-wrens (Malurus splendens) were sired 
by males outside the group (Brooker et al. 1990). 
At present, this inter-specific variation in the frequency of extra-pair fertilisations is 
poorly understood, mainly because too little is known about the behaviours associated 
with mating to allow determination of the costs and benefits of the behaviour for given 
species, but in many cases because limitations of certain paternity techniques do not 
allow important questions to be answered. For example, allozyme electrophoresis 
(Westneat 1987b; Wrege and Emlen 1987; Brooker et al. 1990) permits the exclusion 
of individuals as potential parents, but does not allow assignment of parentage. Thus, 
in the most extreme, and therefore potentially most revealing example of extra-pair 
paternity (Brooker et al. 1990), it has not been possible to determine the exact 
frequency of extra-pair paternity, or to identify the individuals successful at gaining 
extra-pair fertilisations. 
Recent DNA techniques, particularly DNA 'fingerprinting' (Jeffreys et al. 1985; 
Burke and Bruford 1987), provide a considerably more powerful means of determining 
genetic parentage, because they allow assignment of parentage. The application of such 
molecular techniques to the study of sperm competition has already generated 
important ideas about some of the costs and benefits associated with extra-pair matings 
(Burke et al. 1989; Morton et al. 1990; Kempenaers et al. 1992; Lifjeld et al. in press). 
We report here on the application of DNA fingerprinting to a close relative of the 
splendid fairy-wren, the superb fairy-wren (M. cyaneus). This species exhibits many of 
the behaviours apparently associated with frequent extra-pair matings in splendid fairy-
wrens (Rowley and Russell 1990), and may therefore exhibit a similarly extreme 
mating system. Further, this species differs importantly from splendid wrens, as female 
superb fairy-wrens disperse (Rowley 1965; Chapter 3), whereas both females and males 
are philopatric in splendid fairy-wrens (Russell and Rowley in press). Brooker et al. 
(1990) have suggested that the high rate of extra-pair fertilisation in splendid fairy-
-
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wrens may function to avoid inbreeding among philopatric relatives. Since the 
incidence of inbred pairings in superb fairy-wrens is much lower, this provides an 
excellent opportunity to evaluate the inbreeding avoidance hypothesis, through an 
interspecific comparison of the frequency of extra-pair fertilisation. 
METHODS 
Social relationships 
Superb fairy-wrens show variable social arrangements. During the breeding season, 
territories are occupied by a single female, and one to four males. Females only gain 
breeding opportunities by leaving their natal group in their first year and dispersing to a 
new territory (Chapter 3). By contrast, yearling males usually remain in their natal 
territory. Thus a typical group might be composed of an immigrant female, an 
unrelated male and up to three younger philopatric sons of varying ages from previous 
nesting attempts. Although females build nests and incubate eggs without assistance, 
all males contribute to feeding young, and to defence of the nest and fledglings against 
predators (communal breeding; Brown 1987), but mating relationships are unclear. 
Since the oldest male in the group has the longest history of association with the 
female, and is behaviourally dominant over the other males (Appendix A), we refer to 
this individual as the primary male. We follow other studies of paternity in cooperative 
breeders (Brooker et al. 1990; Rabenold et al. 1990; Jones et al. 1991) in calling this 
male the putative father of any offspring. The younger males are referred to as helpers. 
Field procedures 
The study was carried out from July 1988 to October 1991 at the Australian National 
Botanic Gardens, Australian Capital Territory (149015' E 36005' S). All individuals in 
about 40 territories have been colour-marked since 1988, and social relationships have 
been determined from year-round weekly censuses of the population (Chapter 2). At 
each nest, group members were easily identified from observations of nest building and 
incubation, provisioning of nestlings and characteristic distraction displays carried out 
when the nest was approached (Rowley 1962). 
Adult males were captured during the non-breeding season, and the following 
measurements were taken: head plus bill length (distance from the back of the head to 
the tip of the bill, to the nearest 0.1mm), tarsus length (to the nearest 0.1mm), flattened 
wing length (to the nearest 1 mm), tail length (to the nearest 1 mm)and body mass (to 
the nearest 0.1 g). Throughout the year, information was collected on moulting dates for 
males (Chapter 6), and data were compiled on displays by males, through observations 
of focal females as well as opportunistic sightings (Chapter 5). 
-
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Nests were checked every three days for eggs, and to monitor the development of 
hatchlings. Clutch size generally ranged from 2 to 4 (usually 3). Incubation 
commenced after the last egg was laid. Eggs hatched synchronously 14 days after 
incubation commenced and young fledged 12 to 14 days later. Nestlings were banded 
when they were 7 or 8 days old. 
At selected nests, we carried out observations of provisioning behaviour by group 
members. Observation sessions were usually 1.5 h in duration (mean = 97 min), and an 
average of 3.5 watches were carried out for each nest, distributed as evenly as possible 
over the 14-day nestling period. For each delivery of food we noted the identity of the 
individual. 
Blood was collected for DNA fingerprinting from 60 broods, all individuals in the 
social groups raising those nestlings, and as many males from neighbouring territories 
as possible. We collected 10 to 70 µl of blood in heparinised capillary tubes after 
puncturing the brachia! vein. DNA was extracted immediately from fresh blood 
samples, or from whole blood stored at -20 C. 
Fingerprinting methods 
Genomic DNA was isolated from blood samples using standard procedures 
including proteinase K digestion, phenol/chloroform extraction and ethanol or high salt 
precipitation (Maniatis et al. 1982; Miller et al. 1988; Bruford et al. 1992). Aliquots of 
DNA suspended in water were run on test gels to check for degradation, and to estimate 
the concentration of DNA by comparison with standards prepared using 
spectrophotometry. DNA was digested overnight with Hae III, after which we ran a 
second test gel, to confirm that complete digestion had taken place and to make final 
adjustments of concentration. We ran 3-4 µg of DNA through a 23 cm 0.8% agarose 
gel in 1 xTBE buffer (0.089M Tris, 0.089M Borate, 2nM EDT A, pH 8.0) at 50V until 
fragments smaller than 3-4 kb had migrated off the gel. The loading buffer included 10 
ng of an internal marker (a 4: 1 mix of a 1 kb DNA ladder [Gibco/BRL] to Xho I 
digested Lambda DNA [Pharmacia]). After electrophoresis, gels were denatured for 30 
minutes by immersion in 0.4M NaOH, 0.6M NaCl and neutralised for 30 minutes in 
0.5M Tris-Cl, 1.5M Na Cl. 
Gels were capillary blotted for 8-12h onto Immobilon-N transfer membranes 
(Millipore) in lOxSSC. After transfer, membranes were rinsed in 6xSSC and DNA was 
fixed onto the membrane by baking it under vacuum for 1 h at 80 C. 
Membranes were prehybridised in 20 ml of prehybridisation fluid (Westneat et al. 
1988) in a hybridisation oven (Hybaid) at 65 C. The 33.15 (Jeffreys et al. 1985) and 
per (Shin et al. 1985) minisatellite probes and internal marker DNA were labelled with 
a-32P-dCTP by primer extension (Boehringer kit). The labelled probe was then added 
to the prehybridisation fluid with the membranes, and hybridisation was carried out 
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overnight Membranes were washed four times in a 2xSSC, 0.1 % SDS solution; twice 
at room temperature for 15 min, once at 65 C for 15 min, and once at 65 C for 30 min. 
Autoradiography was carried out for 1 to 10 days at -70 C using Amersham MP and P-
max film with a single intensifying screen . 
For most membranes we carried out three hybridisations. Membranes were 
generally probed first with per. After obtaining appropriate exposures, membranes 
were stripped by immersing them in 0.4 M NaOH for 30 minutes, then neutralising for 
30 minutes. The success of the stripping procedure was confirmed by overnight 
autoradiography. Filters were subsequently hybridised with 33.15, stripped again, and 
lastly hybridised with a probe made from the internal marker DNA. 
Scoring fingerprints 
Gel electrophoresis separates DNA fragments by size. Fragments that hybridise to 
the probe appear as dark bands on the autoradiograph (Fig 1). We scored fragments on 
autoradiographs between 3 and 24 kb by marking all bands on acetate overlays with 
coloured pens. Bands in different lanes were considered identical if their centres were 
<lmm apart and they did not differ more than twofold in intensity. 
To be confident of correct paternity assignment, all bands present in an offspring 
ideally should be present in the fingerprint profile of one or ooth parents. However, 
because minisatellite fragments mutate at relatively high rates, some novel fragments 
are expected to be present in legitimate offspring, but mutation rates are sufficiently 
low ( 4-11 mutations per thousand fragments; Jeffreys et al. 1988; Burke and Bruford 
1987; Burke et al. 1989; Westneat 1990) that most nestling fingerprints should show a 
complete match with true parents, or only a single fragment caused by mutation. To 
score parentage, we therefore used a two-step procedure. First, for each band present in 
the fingerprint of an offspring, we attempted to find a matching band in one or both of 
the parents, and marked any novel bands not present in the putative parents. Second, 
we calculated the degree of band sharing between the offspring and each of its putative 
parents as 2(nab)/(na+ flb), where nab is the proportion of bands shared by individuals a 
and b, and na and nb are the total number of bands found in each individual (Wetton et 
al. 1987). If bands segregate independently then the proportion of bands shared 
between a parent and a true offspring should be close to 0.5. We conservatively 
assigned young to their putative parents even when one or two novel fragments were 
present in the fingerprint, because the proportion of bands shared with both putative 
parents was always significantly higher than expected for a non-relative. For most 
offspring (91 %, 142/156), we generated fingerprints for both probes. In every case, the 
paternity exclusion or assignment for the two probes agreed. For 14 remaining 
offspring, we were able to probe only with 33.15. All of these offspring could be 
unambiguously categorised according to the criteria outlined above. 
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Scanning fingerprints 
To facilitate the identification of extra-group fathers, we prepared a computerised 
database of the molecular sizes (kb) of all fragments of each individual male. These 
molecular sizes were estimated from scanned images of fingerprints (using an Apple 
OneScanner and Ofoto software) with the National Center for Supercomputing 
Applications program, GelReader (v2.02). This program estimates molecular sizes of 
DNA fragments visualised as bands on autoradiographs. For each family we scanned 
three images: one autoradiograph each of genomic DNA detected by the per and 33.15 
probes respectively, and one showing the DNA markers. The program superimposed 
images of internal marker fragments (with known molecular sizes) on.genomic DNA 
images of each probe. GelReader automatically detected genomic bands and estimated 
their molecular sizes from their comparative mobility with internal markers of known 
size. GelReader estimates were compiled to generate a database of molecular sizes for 
97 adult males. We were able to assess the precision of our technique by comparing 
estimates of molecular sizes generated by GelReader for the same individual on two 
different gels. Estimates were subject to 0.8 % error(+ 0.3 SD) per individual (N=lO 
males; 17 [+ 3 SD] fragments compared per male). 
We then prepared similar lists of the molecular sizes of non-maternal fragments for 
all unassigned young, and searched the male database for matches, allowing for + 1 % 
error in molecular size estimates. We identified males as a match when they explained 
all, or all but one of the sum of non-maternal fragments detected for the two probes, and 
a comparison of autoradiographs revealed that corresponding bands did not differ more 
than twofold in intensity. 
RESULTS 
DNA fingerprints 
Background band sharing 
To estimate the proportion of bands shared between unrelated individuals, we ran a 
fingerprint of 18 putatively unrelated males and scored the bands shared between males 
in neighbouring lanes. Because males show natal philopatry, they have a higher 
probability of being related than females, so these estimates of background band 
sharing are likely to be conservative. The mean (+ SD) band sharing was 0.224 + 0.081 
(range: 0.063 - 0.348) for per and 0.169 + 0.091 (range: 0.043 - 0.333) for 33.15. These 
values are similar to those reported in other studies of monogamous birds (Gyllensten 
et al. 1990; Rabenold et al. 1990; Lifjeld et al. 1991). The number of bands averaged 
16.9 for per and 19.8 for 33.15. The probability of misassigning a putative parent 
(Gyllensten et al. 1990) was thus 0.22416.9/2 or 3.2xl0-6 for per, and 0.16919.8/2 or 
2.3x l0-8 for 33.15. 
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Segregation analysis 
The use of band-sharing proportions as an index of relatedness is based on the 
assumption that the minisatellite fragments scored are inherited independently. We 
tested this assumption for each probe by carrying out an analysis of segregation on one 
family consisting of 14 offspring of a single female. Because most offspring are not 
sired by any of the resident males, we restricted the analysis to 20 and 13 clearly 
resolvable maternal bands for per and 33.15, respectively. The results of this analysis 
confirmed that bands are transmitted independently. We found no examples of linked 
bands for either probe, and only two allelic pairs (both with 33.15). No maternal 
fragment was found in all of the offspring, showing that all fragments were 
heterozygous for both probes. Maternal bands had a mean transmission frequency of 
0.493 + 0.117 (SD) and 0.500 + 0.160 for per and 33.15, respectively, which are close 
to the expected value of 0.5. 
Relatedness of primary pair 
Our observations of social pairings suggest that inbred pairs in this population are 
relatively common. We knew the putative relatedness of pair members for 67 pairings 
(93 pair-years), through colour-marking of nestlings, and/or known dispersal history of 
the female or the male. In 11 % of pair-years (10/93), pairs were related; in every case 
these were mother/son pairs. This percentage is roughly half of the figure of 19% 
reported for splendid fairy-wrens (Rowley et al. 1986), which is not unexpected, since 
the potential for incestuous pairings should be greatly reduced as a consequence of 
dispersal by females (Chapter 3). In particular, a number of different forms of 
incestuous pairings allowed by female philopatry in splendid fairy-wrens are not 
possible in superb fairy-wrens because of female dispersal (eg brother-sister and father-
daughter pairs). 
Putative relatedness was known for 21 of the 33 pairs for which we typed young in 
this study. Nineteen percent (4/21) of pairings were between putative relatives, in every 
case between a mother and son (Fig 2). These individuals shared on average 0.542 + 
0.081 SD bands (range 0.455 - 0.650; mean value for two probes). Band sharing for the 
17 unrelated pairs averaged 0.162 + 0.064 SD (range O - 0.268; mean value for two 
probes). An examination of band sharing patterns between social mates of the 
remaining 12 pairs suggested that they were unrelated, since they showed levels of band 
sharing within the range of unrelated individuals (Fig 2; mean proportion of bands 
shared: 0.157 + 0.07 SD, range 0.063 - 0.298). Thus we estimate that 12% (4/33) of the 
pairs, or 9% of pair-years (5/53) for which we typed offspring involved first-order 
relatives, a percentage similar to our population-wide measure. 
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Parentage analysis 
Frequency of extra-pair paternity 
Superb fairy-wrens have the highest rate of extra-pair paternity recorded thus far 
among birds (Table 1; c/Birkhead and M~ller 1992). We found that only 13% of 
nestlings (21/157) had fingerprints that were a complete match with those of their 
putative parents (the primary male and female) for both probes. A further 6% (9/157) 
had one novel fragment for one of the two probes, and one individual had two novel 
fragments for one probe. Because these offspring did not have more than two novel 
fragments for the sum of the two probes, and they all shared a high proportion of bands 
with each parent (female: 0.567 + 0.065, range 0.481 - 0.744; male: 0.549 + 0.071, 
range 0.420 - 0.662; mean value for two probes combined), we concluded that they 
descended from their putative parents (Fig 3). 
The remaining 80% (126/157) of typed offspring had large numbers of novel 
fragments (3 to 11) for each probe, and in every case shared a high proportion of bands 
with the putative mother, but a low proportion with the putative father (Fig 3a,b). We 
concluded from this that all of these offspring resulted from copulations by the female 
with another male, and none resulted from intra-specific brood parasitism. This 
conclusion is supported strongly by our observations of behaviour and nesting. We 
have observed hundreds of intrusions by males into neighbouring territories, followed 
by elaborate displays to resident females (suggesting that extra-pair matings may be 
common), whereas we have never found any evidence for egg dumping. 
Every male in this study was colour-ringed, so we can reject rapid mate switching 
during the female's fertile period as the reason for high rates of extra-pair fertilisations. 
Furthermore, very few illegitimate young were sired by helpers from within the group. 
Since helpers usually are at least half-siblings of the young, they often have maternal 
bands in common, and mean band sharing values were higher between helpers and 
nestlings (0.332 + 0.112 SD, range: 0.073 - 0.692, N=136) than between unrelated 
individuals. But when helpers were scored as the putative fathers of offspring, 
numerous bands (3-18) in the young typically remained unexplained (Fig 4), suggesting 
that helpers were unlikely to be the true fathers of the young. Thus most instances of 
extra-pair paternity are also extra-group paternity. We found only four instances where 
a helper explained all, or almost all, of the non-maternal fragments in an offspring, and 
also shared a high proportion of bands with the young. Thus we estimated that at nests 
where helpers had an opportunity to sire young, they did not father more than 4% 
(4/105) of the offspring (Fig 4). In one of these four cases, the helper and nestling 
showed high band sharing and only a single novel fragment for the two probes 
combined. However, we also found a high proportion of bands shared, and no novel 
fragments, when we compared the nestling to the helper's extra-group father, run on the 
same gel. We therefore assigned paternity to the extra-group male. Thus, where an 
--
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illegitimately sired helper, and its extra-group father are both potential sires of a 
nestling, assigning paternity may in some cases be problematic. 
For 37 broods for which we were able to type every nestling, we estimated the 
proportion of broods containing at least one young fathered by an extra-group male, and 
the proportion of each brood sired by extra-group males. Ninety-five percent of broods 
(35/37) contained at least one illegitimate young, and in 57% of broods (21/37), all of 
the young were sired by extra-group males (Fig 5). For every brood size, the most 
common percentage of extra-group young in the brood was 100% (Fig 6). 
Most nestlings typed were sampled in the 1989/90 or 1990/91 breeding seasons. 
There was no difference between these two years in the proportion of off spring 
resulting from extra-group matings (1989: 76%, N=71; 1990: 80%, N=68), or the 
proportion of broods containing at least one illegitimate young ( 1989: 93%, N= 15 
broods; 1990: 95%, N=19 broods). 
Correlates of cuckoldry 
We were unable to find any morphological correlate of the proportion of extra-pair 
offspring (Table 2). Survival to the next breeding season by males that were entirely 
cuckolded (0.72, N=25) was not significantly different from that of males that had none, 
or only part of their brood fathered by extra-group males (0.88, N=l 7; x2=0.76, 
p=0.38). There was no significant difference between four male age categories in the 
proportion of young that resulted from extra-pair fertilisations (Table 3). These results 
are further supported by comparing the proportion of extra-pair offspring for individual 
males over successive seasons (Table 4). There was no suggestion that older or more 
experienced males were better able to avoid cuckoldry. 
We also found no relationship between the proportion of nestlings sired by the 
primary male and the proportion of total feeding visits contributed by that male (rs= 
-0.01, p=0.98, N=10 males). Although our sample size is small, the variance in the 
proportion of extra-pair offspring is also small (most males have all their young 
cuckolded), and as a result we would need a very large sample of males to find a 
significant effect, if one existed. 
There was a highly significant difference in the proportion of extra-group offspring 
in groups with helpers, and those without helpers. Males in pairs sired more of their 
young (54o/o, 21/39) than males in groups with two or more helpers (9%, 3/33, x2=21.7 , 
p=0.0001). This difference clearly cannot be explained as a consequence of paternity 
by helpers, since they rarely father offspring; and the analysis presented above suggests 
that the effect is unlikely to be related to male age. 
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Extra-group fathers 
Our efforts at locating extra-group fathers were hindered by the fact that we were 
often unable to type all of the males in territories surrounding those in which we typed 
nestlings. To enhance our probability of detecting the extra-group male, we focussed 
our search on a group of five core territories conveniently bordered by areas unoccupied 
by breeding wrens on one side, and by territories in which all potential fathers since the 
start of the study had been bled, on the other. In this area we were able to find fathers 
for 81 % (22/27) of the unassigned young. 
These data suggest that some males were highly successful at gaining extra-pair 
fertilisations. In the core area described above, one individual (BRY; Fig 1) fathered 
22% (6/27) of the illegitimate young. Furthermore, three additional young were sired 
by one of his own legitimate sons (two while that son was a helper), one was sired by 
one of his extra-group sons, and two by an extra-group grandson. Thus, we estimate 
conservatively that one male donated genes by descent to 44% (12/27) of the extra-
group young in this sample. Nine of the remaining 11 offspring for which we found 
fathers in this core area were fathered by two other males (5 and 4 offspring). The two 
most successful males fathered extra-group offspring in at least three territories each. 
Furthermore, our small sample provides some evidence that females may show a 
consistent preference for particular males. One female in our sample had at least one of 
her offspring fathered by either BR Y or his legitimate son in every breeding season 
from 1986 to 1990 (Fig 1 ). 
In total, we found the fathers of 21 % of all extra-pair offspring (26/123). The 26 
young were fathered by nine different males. Five of the 26 young were sired by three 
males when they were helpers in their own group. This is the first evidence for 
paternity by helpers in a group other than the one in which they help. Thus, in a small 
sample of extra-group males we detected more fertilisations by helpers outside their 
groups ( 19%, 5/26) than within their own groups (3%, 3/105; G=7 .5, p=0.002). 
Many of the extra-group males in our sample were of unknown age (banded as 
adults at the start of the study). However, six of the nine extra-pair fathers we 
identified were at least four years old when they fathered the young. The two helpers 
were one and two, and three years old, respectively. 
DISCUSSION 
Frequency of cuckoldry 
Superb fairy-wrens have the highest frequency of extra-group paternity among birds, 
and the only similar data come from the congeneric splendid fairy-wren (Brooker et al. 
1990). Ninety-five percent of superb fairy-wren broods contained at least one 
illegitimate nestling, and where extra-pair paternity occurred, it was most common for 
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the entire brood to be fathered by extra-group males. We found no evidence for intra-
specific brood parasitism in this species, and none was found by Brooker et al. ( 1990) 
for splendid fairy-wrens. Our data indicate that helpers are rarely responsible for 
fathering offspring within their own group, and we conclude that extra-pair paternity is 
typically synonymous with extra-group paternity. 
The frequency of extra-group fertilisation could not have been predicted from the 
frequency with which copulation behaviour was observed (Chapter 5). Specifically, the 
proportion of observed copulations that were extra-pair is a dramatic underestimate of 
the frequency of extra-pair fertilisation. This is one of several studies of species with 
frequent extra-pair fertilisation to document such a disparity (see also Westneat 1987a; 
Rowley and Russell 1990; Lifjeld et al. in press). These recent data suggest that the 
frequency of extra-pair copulation often may be a rather poor predictor of the frequency 
of extra-pair fertilisation (contra Birkhead and M0ller 1992), probably because extra-
pair copulations are relatively secretive or otherwise inconspicuous. 
Paternity guards and parental care 
Observations of the behaviour of males and females show that males often left their 
mates unguarded when they were fertile, and on about one-third of occasions did not 
chase displaying males from the territory (Chapter 5). Behavioural evidence therefore 
suggests that mate guarding is weak, as it appears to be in some other passerines for 
which high frequencies of extra-pair fertilisation have been reported (W estneat 1987a; 
Lifjeld et al. in press). However, neither superb nor splendid fairy-wren males show 
evidence of employing alternative paternity guards. Within-pair copulations appear to 
occur at a low frequency and retaliatory matings have not been observed (Chapter 5; 
Rowley and Russell 1990). The apparent absence of effective paternity guards in males 
is clearly consistent with our findings of extremely high rates of extra-group 
fertilisation. 
All males within the group contributed to provisioning of nestlings and care of 
fledglings (unpublished data), despite in most instances having no direct genetic 
investment in the young. Our results show that helpers rarely fathered any of the 
offspring they helped to feed, and were related to most of the young they fed only 
through the female. More significantly, primary males were usually unrelated to the 
young, but still provisioned. Feeding effort by primary males did not appear to be 
influenced by the degree of extra-group paternity, although primary males never 
contributed more than about 30% of all feeds. Thus, a) there does not appear to be any 
evidence in this species for a direct relationship between certainty of paternity, and 
parental care, (as seems to be true for some other species; Burke et al. 1989) and b) 
kinship benefits to provisioning behaviour are minimal and do not provide a compelling 
explanation for helping. 
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Helpers appear to father young outside the group more frequently than they do 
within the group. Thus there are unusual and significant reproductive advantages to 
natal philopatry by helpers. In addition, a shortage of females usually prevents helpers 
from reproducing independently (Pruett-Jones and Lewis 1990). These incentives to 
philopatry may allow the primary male to exert leverage over the contributions of 
helpers (Appendix B). Manipulation of helpers by dominant males occurs in at least 
one other cooperative breeder, the white-fronted bee-eater Merops bullockoides (Emlen 
and Wrege 1992). If territories are a resource of critical importance to males (as a base 
from which they can monitor females in neighbouring territories, and depart on extra-
group visits), helpers may provision simply to ensure that they are allowed to remain in 
the territory (Appendix B). Manipulation of helpers may benefit the primary male by 
allowing him to reduce his provisioning effort, while by provisioning, helpers ensure 
themselves of a base from which they can depart on extra-group excursions. 
Our finding of higher frequencies of extra-pair fertilisation in groups with helpers 
than in pairs is difficult to interpret. These data suggest that the presence of helpers 
reduces the primary male's certainty of paternity in some way (although not through 
paternity lost to helpers), or that the presence of helpers is correlated with some other 
factor influencing the frequency of extra-group fertilisation, which appears to us more 
likely. Our analysis shows that this factor is unlikely to be the age of the primary male, 
as there is no difference in the frequency of cuckoldry across male age classes. Groups 
assisted by helpers may enjoy higher fledging success, and females in these groups are 
generally older or more experienced. Thus they may represent more attractive targets 
for extra-pair fertilisation. 
Female control of extra-pair copulation 
We have rarely observed copulation, either between members of a pair, or between 
females and extra-group males (Chapter 5). As a result, we have little information on 
the context of mating. However, two lines of evidence suggest that extra-group 
copulations are initiated and controlled by females. First, the fact that male superb 
fairy-wrens suffer uniformly high rates of cuckoldry clearly implies that males are 
unable to control effectively th_eir mate's propensity for engaging in extra-pair matings. 
Second, males do not seem to be able to force copulations. All within-pair copulations 
observed were solicited by the female, and females easily evaded intruders when 
pursued (Chapter 5). 
Benefits to females of extra-pair fertilisation 
Several costs to extra-pair mating have been proposed (eg punishment by the 
female's mate, Barash 1976; risk of disease transmission, Hamilton 1990) but there is 
little evidence that these costs are of general importance among birds. Superb fairy-
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wren males show no evidence of punishing their mates, and we cannot yet evaluate 
whether sexually transmitted diseases are important. Thus, we have little evidence that 
females incur costs from extra-group matings, although they may avoid potential costs 
through deception of their mates. 
The extra-group males that are responsible for most fertilisations in fairy-wrens 
contribute no parental care. Females, therefore, must be mating either to gain genetic 
benefits for their offspring, or for direct phenotypic benefits unrelated to parental care. 
Male infertility 
Females might mate with several males to ensure that all of their eggs are fertilised 
(Gibson and Jewell 1982; Wetton and Parkin 1991). This hypothesis has been criticised 
on theoretical grounds, because the extreme costs of infertility should lead to strong 
selection to improve male fertility (W estneat et al. 1990), and because correlations 
between high egg infertility and frequent extra-pair fertilisation would also be expected 
among low-quality females (Birkhead and M~ller 1992). In fairy-wrens, the male 
infertility hypothesis is implausible because there is no evidence for any correlation 
between the frequency of infertile eggs, and the percentage of extra-pair young in a 
brood. Where extra-pair paternity occurs, generally all of the young are fertilised by 
extra-group males. Further, the reproductive anatomy of males suggests massive sperm 
production, as their testes and cloacal protuberances are among the largest known 
among passerines (Chapter 7). 
Genetic compatibility or diversity 
Inbreeding avoidance. Matings with close relatives often produce off spring of 
lower fitness than those arising from matings between unrelated individuals. The main 
cause of such inbreeding depression is apparently the expression of deleterious 
recessive alleles in homozygotes (Charlesworth and Charlesworth 1987). In splendid 
fairy-wrens, both sexes are philopatric, resulting in an unusually high frequency of 
incest (Ralls et al. 1986; Rowley et al. 1986). Brooker et al (1990) offer the high 
incidence of extra-pair fertilisations as an explanation for the curious absence of any 
form of inbreeding depression in this species (Rowley et al. 1986) and suggest that 
extra-group fertilisations function to reduce inbreeding. This is unlikely to be a general 
explanation of the prevalence of this behaviour within the genus, for several reasons. 
First, superb fairy-wrens exhibit a similarly high rate of extra-group fertilisation, even 
though female dispersal precludes many of the incestuous combinations possible in 
splendid fairy-wrens (compare Chapter 3 with Russell and Rowley in press). Second, 
even in splendid fairy-wrens the frequency of extra-group copulation is 
disproportionately high compared to the incidence of incest. Because inbreeding 
avoidance is likely to entail behavioural costs (Bengtsson 1978), it seems implausible 
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that the possible fitness costs of inbreeding associated with only 19% of pairings could 
select for extra-pair mating by almost every female. Third, four cases of true incest 
were detected in superb fairy-wrens through fingerprinting in this study. In every case, 
an unrelated male was available within the group. Finally, breeding with extra-group 
males may actually increase the incidence of incest. Because males disperse only short 
distances, females that are successful in exporting sons to nearby territories are likely to 
be surrounded by relatives. Thus, incestuous pairing can be interpreted as a 
consequence rather than a cause of the mating system. If females are able to express 
mate choice outside the pair bond through extra-pair copulations, then there should be 
little incentive for them to be selective in their choice of social mate. 
Production of diverse offspring. Many attempts to explain short-term advantages 
of sexual reproduction invoke the advantages of producing variable offspring (Ghiselin 
1974; Williams 1975; Bell 1982). The principal difficulty in applying these hypotheses 
to Malurus spp. is that broods are typically already genotypically diverse. A typical 
brood size of three contains at least one individual of each sex, with completely 
different dispersal tendencies. Thus it is difficult to envisage how extra-pair matings 
would enhance offspring variability. 
Reducing parent/offspring contagion. One disadvantage of sexual reproduction 
arises from the local adaptation of parasites to their host during the lifetime of the 
individual (Rice 1983). If offspring are genetically similar to their parents, they are 
likely to be susceptible to diseases and parasites transmitted from their parents. It may 
therefore be advantageous for parents to produce young different from themselves. 
This hypothesis is consistent with the tendency of female superb fairy-wrens to avoid 
mating with their social mate and helpers. However, we have no evidence that disease 
plays a significant role in the population dynamics of wrens. Some individuals become 
infected with an avian pox, but most recover completely. 
Induced sperm competition 
If sperm varies among males in its competitiveness, and this competitiveness is 
heritable, then females may engage in multiple copulations-to promote sperm 
competition, with the consequence that their eggs are fertilised by the fittest sperm. 
This hypothesis predicts that all females should engage in extra-pair copulations, and 
that some males should be disproportionately successful in gaining fertilisations. We 
might therefore expect that the number of extra-pair young in a given brood to be either 
very high, or very low. While our data show that most females engage in extra-pair 
matings, they also reveal that few broods are fathered entirely by the resident male, or a 
single extra-group male. The hypothesis also predicts that females should not be 
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selective about which extra-group male they mate with, which is inconsistent with 
observations of female response to intrusions by neighbouring males (Chapter 5). Thus 
the 'sperm competition' hypothesis is not a convincing explanation for the mating 
behaviour of superb fairy-wrens. 
Good genes 
Females could improve the fitness of their offspring by discriminating among males 
according to their genetic quality (Zahavi 1975; Hamilton and Zuk 1982; Kodric-
Brown and Brown 1984). Recent theoretical work has shown that this is a theoretically 
plausible process (Andersson 1986; Grafen 1990b; Grafen 1990a; Iwasa et al. 1991; 
Pomiankowski et al. 1991). There are three key assumptions associated with this 
process. First, there should be a correlation between female choice and a male trait, 
particularly one associated with high viability. Second, the trait under selection should 
be heritable, and third, the offspring of females choosing males bearing the trait should 
enjoy enhanced viability or mating success. Several descriptive (Petrie et al. 1991) and 
experimental (Andersson 1982; M~ller 1988) studies have demonstrated female 
preferences for particular male traits, for males with high viability (Alatalo et al. 1991; 
M~ller 1991; Kempenaers et al. 1992), or for males showing phenotypic characteristics 
(eg parasite load, M~ller 1990) that may directly influence the heritabile component of 
fitness. 
All these correlations may be unreliable indicators of selection for good genes, 
because it is often extremely difficult to distinguish early environmental effects on male 
phenotype from good genes effects. For example, males that experience good 
environmental conditions may be healthier, bigger, parasite-free and vigorous at 
courting (Borgia and Collis 1982; Howard and Minchella 1990), and they may survive 
better (eg Albon et al. 1987). If they are successful at mating, then mating success 
could as plausibly be the result of non-genetic determinants of male vigour, as the 
possession of good genes. Furthermore, female mating patterns may be influenced by 
various costs (eg avoidance of infection) rather than selection for males with good 
genes (Howard and Minchella 1990). 
The most convincing demonstration of good genes effects, that the opportunity for 
choice enhances the viability or mating success of offspring, is still absent. Results of 
this sort have been reported for fruit flies (Partridge 1980) and pheasants (von Schantz 
et al. 1989), but these studies have not proved repeatable (Schaeffer et al. 1984; 
Hillgarth 1990). 
Our data on extra-group paternity are preliminary, but some aspects of these data 
support good genes models. First, mate choice is obviously dissociated from decisions 
about paternal invesunent. Second, extra-pair fertilisations appear to be distributed 
asymmetrically among males. Some males gain many successful fertilisations , in 
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several territories. Thus several females appear to prefer the same males, and they may 
mate with these males repeatedly. Third, and most significantly, our data provide the 
first evidence from any fingerprinting study that females mating with successful males 
may in turn have successful sons, and that these sons may start to contribute extra-
group fertilisations while they are still helpers. 
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Table 1. Summary of DNA fingerprinting results, showing the distribution of 
mismatches among groups, across years, and in groups with or without helpers. PM= 
1 
• primary male. % EGF = percentage of brood resulting from extra-group fertilisations . 
• 
I 
.I 
I 
Outch Eggs Nestlings Off spring fathered 
Male Female Year Helpers size hatched typed PM Helper %EGF 
RYG MWM 89 1 4 4 4 0 0 100 
YOW MWM 90 2 3 3 3 0 0 100 
90 2 4 4 4 0 0 100 
' 
90 2 2 2 2 0 0 100 
BRY ORB 89 0 3 3 3 2 33 
i 89 0 4 4 3 1 66 
' 90 1 3 3 3 0 1 66 
WBW BMY 90 0 3 3 3 2 33 
NBG NBR 90 0 4 4 4 4 0 
RNG ONW 89 2 3 3 3 0 0 100 
RMG ONW 90 0 3 3 3 1 66 
GRO YYN 90 2 4 4 2 0 0 100 
90 2 4 4 4 0 0 100 
I ROR NOW 89 0 ? ? 2 0 100 
90 0 2 2 1 0 100 
" BNM ROW 89 0 4 3 3 1 66 
90 0 ? ? 2 0 100 
YRG GYN 89 0 3 3 3 3 0 
90 1 2 2 1 0 0 100 
NRR YGWB 89 1 3 3 3 2 0 33 
89 1 3 3 1 0 0 100 
90 2 2 2 2 0 0 100 
r ~ GBR mGMW 90 1 3 3 3 0 0 100 
~I BGB BGY 89 1 3 2 2 1 0 50 
90 1 4 3 3 1 0 66 
BMR MMY 88 0 4 2 1 0 100 
89 2 2 2 2 0 0 100 
89 2 3 3 3 0 0 100 
WNG BOW 89 0 3 3 2 0 100 
89 0 3 3 3 0 100 
90 1 3 3 3 0 0 100 
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Table 1 continued ... 
Male Female 
BGR GBW 
OOR BRN 
GNB WYR 
YBB RYN 
ROO RGB 
yyy RGB 
GNO NRO 
NfMB BYN 
GYG BWM 
WNR BWM 
YYW M1v1R 
YRN MMM 
oow WWR 
GNM NWO 
OYB MYM 
OtviN 
TOTAL 
t Primary male untyped 
* Helper untyped 
Year 
90 
89 
89 
90 
89 
88 
89 
90 
88 
88 
89 
89 
90 
90 
89 
90 
90 
88 
89 
89 
90 
88 
89 
89 
89 
90 
88 
89 
89 
90 
Clutch Eggs 
Helpers Size hatched 
0 3 3 
2 3 3 
2 4 4 
0 3 3 
1 3 3 
1 4 4 
0 3 3 
2 3 3 
1 4 4 
1 3 3 
1 4 4 
0 ? ? 
1 3 3 
0 3 3 
1 4 4 
2 3 3 
0 3 3 
1 4 4 
1 3 3 
1 3 3 
2 3 3 
2 3 2 
1 3 3 
1 4 4 
1 4 4 
0 3 3 
2 4 4 
3 3 3 
3 4 4 
2 4 4 
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Nestlings Off spring fathered 
typed PM Helper % EGF 
3 1 66 
3 0 0 100 
1 0 0 100 
3 2 33 
3 0 0 100 
1 ot 1 0 
3 0 100 
2 0 0 100 
4 2 * 50 
1 0 * 100 
3 0 0 100 
2 0 100 
3 0 0 100 
2 0 100 
3 0 0 100 
3 0 0 100 
3 1 66 
4 0 0 100 
3 1 0 66 
1 0 0 100 
3 1 0 66 
2 0 0 100 
2 0 1 50 
4 2 0 50 
4 0 0 100 
1 0 0 100 
1 0 0 100 
1 0 0 100 
4 3 0 25 
3 0 0 100 
157 31 3 78 
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Table 2. Spearman rank correlations between several 
primary male morphological attributes, and the proportion 
of that male's young that were extra-pair. Shown are Z 
values, corrected for ties. Sample size vary because some 
traits varied from year to year, but not all males were 
measured every year. 
Morphological trait N z p 
Body mass 27 1.00 0.32 
Head length 36 0.84 0.40 
Wing length 23 1.06 0.29 
Tarsus length 36 0.45 0.66 
Tail length 23 0.83 0.41 
Pre-nuptial moult date 18 0.12 0.91 
Relative moult date 15 1.16 0.25 
Table 3. The percentage of extra-pair offspring 
distributed among broods of primary males in 
four age classes. There was no significant 
difference between age classes (df 3, x2=1.14, 
p=0.77). % EPO = percent extra-pair offspring. 
Age N 
(years) %EPO Offspring Males 
1 66 9 3 
2 75 36 11 
3 88 8 4 
4+* 78 59 15 
* Denotes birds of four years or older 
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Table 4. Percentage of extra-pair offspring for individual primary 
males over two or more seasons, paired with the same female, on the 
same territory. 
Male 
BRY 
OMN 
NRR 
MMB 
WNG 
YRN 
GNM 
OYB 
Percentage extra-pair offspring (N) 
1988/89 
40 (5) 
100 (4) 
100 (2) 
1989/90 
50 (6) 
40 (5) 
50 (4) 
100 (3) 
100 (5) 
100 (3) 
75 (4) 
80 (10) 
1990/91 
100 (3) 
100 (3) 
100 (2) 
100 (3) 
100 (3) 
67 (3) 
Trend 
+ 
+ 
+ 
+ 
73 
kb 
12-
8-
4-
N N 
<l 
<l 
N 9 cf N 
<l 
<l 
<l <l 
Figure 1. DNA fingerprint (per probe) of fairy-wren nestlings (N) from different 
broods, their putative parents (female and male symbols) and neighbouring males 
(numbered 1 and 2). All four nestlings were sired by the neighbouring males. 
Novel fragments from male 1 are indicated by filled arrowheads and those from 
male 2 by open arrowheads. Scale to the left indicates band size in kilobases . 
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Fig 2. The proportion of bands shared between paired individuals (N=33 pairs). The 
bimodal distribution of band sharing values suggests that social pairs typically are 
either first-order relatives, or not closely related. All band sharing values for pairs of 
unknown relationship were within the range of values for unrelated individuals, 
suggesting they were not closely related. 
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Figure 3. The relationship between the number of novel fragments in offspring 
fingerprints, and the band sharing coefficient with putative parents. Graphs show the 
sum of novel fragments detected for the two probes (per and 33.15), against the mean 
proportion of bands shared with the two probes, for a) the putative mother and b) the 
putative father (the primary male). 
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Figure 4. The relationship between the number of novel fragments in offspring 
fingerprints, and the band sharing coefficient with helpers. Graphs show the sum of 
novel fragments detected for the two probes (per and 33.15), against the mean 
proportion of bands shared with the two probes. Helpers often shared a high proportion 
of bands with the nestlings, but where numerous novel fragments remained, we 
attributed the high band sharing coefficient to sibship rather than descent. 
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Figure 5. The percentage of extra-pair offspring per brood, for 37 broods in which 
every nestling was typed. In 57% of broods, all young were cuckolded. The x-axis is 
not continuous, because with brood sizes of 2 to 4, only a limited number of 
proportions are possible. 
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Figure 6. The distribution of broods in different brood sizes according to the number of 
extra-pair offspring. For each broodsize, the most common frequency was 100%. 
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ABSTRACT 
Male superb fairy-wrens (Ma/urus cyaneus) performed an unusual display, often 
involving the presentation of a flower or flowerpetal. This display was directed 
exclusively (97%) at extra-group females. For this reason, it probably plays a role in 
the unusual mating system of this species, where almost all young are fathered by extra-
group males. Displays did not lead directly to copulation, and the behaviour appears 
more consistent with self-advertisement. Females may assess males in this way and 
then visit the male of their choice on his own territory. Copulations were rarely seen, 
and the proportion of these that were extra pair ( 11 %, N= 1) is an underestimate of the 
proportion of all fertilisations that were extra-pair. Males showed evidence only of 
weak mate guarding, and may be following females for copulation access. 
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INTRODUCTION 
Most birds are thought to be socially monogamous (Lack 1968; Davies 1991), 
implying that a female and male share an exclusive mating arrangement. However, 
there are reasons to expect that one or both members of the pair might benefit from 
copulating outside the pair bond. For example, if females are constrained in their 
choice of social mate, they may ameliorate this by expressing mate choice outside the 
pair bond (M0ller 1992). Males are always expected to exploit opportunities to mate 
with additional females, because their reproductive success is limited by the number of 
females they can inseminate (Trivers 1972). Behavioural and genetic information for a 
growing number of species supports these theoretical predictions, by showing that 
extra-pair bond matings are a significant component of many avian mating systems 
(Westneat et al. 1990; Birkhead and M0ller 1992). 
In species with male parental care, extra-pair matings may result in males investing 
in young that are not their own. In an apparent counteradaptation to cuckoldry, males in 
these species employ a range of paternity guards, from close following throughout the 
fertilisation period, to frequent or retaliatory copulations (Birkhead and M0ller 1992), 
although these tactics are not always effective (Lifjeld et al. in press). 
Males usually cannot simultaneously guard their mate and seek extra-pair 
copulations. Where a trade-off between these two behaviours is necessary, mate 
guarding appears to take precedence over seeking extra-pair copulations (Birkhead and 
M0ller 1992). A likely reason is that the benefits any individual male gains from extra-
pair matings may often be small, whereas the costs of misdirected parental care may be 
significant. 
The highest rates of extra-pair fertilisation reported among birds come from two 
species in the Australian genus Malurus. Brooker et al (1990) showed by means of 
protein electrophoresis that at least 65% of all offspring in M. splendens could not have 
been fathered by any male in their social group. More recently, I have used DNA 
fingerprinting to establish that 78% of all offspring in M. cyaneus resulted from matings 
between the female and an extra-group male (Chapter 4). Such high percentages of 
extra-pair offspring could arise for several reasons. For example, females might 
frequently solicit extra-pair copulations, or males might be very good at obtaining 
forced copulations with females that resulted in fertilisation. Ineffective guarding by 
mates could further contribute to high rates of extra-pair fertilisation, as well as 
numerous demographic factors that could enhance opportunities for extra-pair 
copulation. 
In this paper I report the first detailed study of the behaviour of superb fairy-wrens 
during the reproductive cycle, in an attempt to explore these possibilities. 
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METHODS 
Species 
Superb fairy-wrens are small (-lOg) insectivorous passerines that occur throughout 
south-eastern Australia. They are notable for their sexual dichromatism; males in 
breeding plumage are a striking pattern of contrasting black and glossy pale-blue, 
whereas females are grey/brown in colour. Males are also seasonally dichromatic, 
moulting into a drab 'eclipse' plumage after the breeding season. Individuals retain 
eclipse plumage for highly variable durations but always return to blue for the following 
breeding season. This moult takes place progressively earlier as males age (Chapter 6). 
Superb fairy-wrens are sedentary, territorial and highly social. The occupants of a 
territory may range from a pair to larger social units containing up to three additional 
males year-round (communal breeding; Brown 1987). Typically, the oldest (primary) 
male in the group is socially paired to the female and dominant over the others, 
although occasionally relationships are more ambiguous. Social bonds between 
individuals surviving from one breeding season to the next are very stable and rapid 
mate switching never occurred in this study (Chapter 2). Younger males are usually 
offspring recruited from previous broods (pers. obs.; Rowley 1965), and are referred to 
as 'helpers' because they are only considered to contribute care and not fertilisations (but 
see Chapter 4). Helpers appear to delay dispersal because of a shortage of mates and 
suitable habitat (Pruett-Jones and Lewis 1990). 
Breeding takes place over seven months, between September an~ February. Superb 
fairy-wrens are multibrooded and may fledge up to three successful broods in a season. 
However, nests are subject to high levels of predation, and groups fledge on average 
only a single brood from about four nesting attempts (Chapter 2). Males contribute in 
nest defence and the care of nestlings and dependent fledglings, but females are the sole 
contributors to nest-building and incubation. At the start of the breeding season, 
females build slowly and often do not lay in completed nests until several weeks have 
elapsed. Later in the season, nests are completed more rapidly; the first egg of a 
replacement clutch is typically laid within seven days of the destruction of the original 
nest. Clutches contain between 2 and 4 eggs (Chapter 2). 
Study site 
Superb fairy-wrens inhabit areas of undergrowth near eucalypt woodland and open 
forests, but they are also common birds of suburban parks and gardens. This study was 
carried out at the Australian National Botanic Gardens (ANBG), an area of about 40ha 
situated on the lower south-eastern slope of Black Mountain, Canberra, Australian 
Capital Territory (149015' E 360()5' S). The vegetation in the ANBG consists of 
plantations of Australian native trees and shrubs. The ground cover is mainly native 
-». 
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bark chips or lawn. Natural rainfall (annual mean=726 mm) is heavily supplemented by 
sprinkler irrigation, so that soil is kept moist, and suitable for the soil and litter 
invertebrates preyed upon by fairy-wrens. 
Procedures 
Since September 1988, almost every individual in aoout 40 territories has been 
colour-ringed. Survival, reproduction and dispersal of these individuals was monitored 
between July 1988 and October 1991 (Chapter 2). Adults were trapped outside the non-
breeding season only, to avoid detaining males when their females may have been 
fertile. 
The study site was visited daily during the breeding season (early September to early 
February) to census individuals, map territory ooundaries, locate nests and ring 
nestlings. During these visits I opportunistically recorded information on territorial 
intrusions, d plays and copulations. 
Focal observations 
During 1989-1991, I watched focal females during their probable fertilisation period, 
conservatively estimated to be between 16 days before laying of the first egg until the 
day the third egg was laid. Early in the season, many females did not lay in the nest 
until two weeks after completion of nest building, so I included this period to ensure I 
did not miss potentially important behaviours, but I sampled much more heavily in the 
week before laying. Observations took place between 0700 and 1300h, and lasted for 
20 minutes. Each 30s, I recorded whether the male was near (within Sm of) the female. 
Studies of other small passerines (Davies 1985; Alatalo et al. 1987; M¢ller 1987a) 
suggest males remaining this close to their mates may have a high probability of 
preventing extra-pair copulations. In superb fairy-wrens this distance proved to be an 
appropriate measure, since males were generally either foraging or perched close to the 
female, or they had left the territory. 
I recorded which member of the pair initiated movements greater than 5m away from 
the other, and whether its partner followed within 30 s. When they were separated for 
longer than 30 s, I noted which bird rejoined its partner. I also registered the identity of 
intruding males, their behaviour, and the response of the female and her mate to the 
intruder. I collected 49 h of data during the fertilisation period for females with known 
laying dates (Figure 1). A further Sh of data were collected from incubating females, 
and 9h of data from females feeding nestlings. 
As a rule, birds copulate most frequently in the morning (Birkhead and M¢ller 1992). 
In birds for which fertilisation patterns have been determined (to date only domesticated 
species) fertilisation usually occurs within 2.5h of laying a previous egg (Howarth 
1974; Sturkie 1976). In superb fairy-wrens, eggs are usually laid before 0900 (pers. 
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obs.; Tidemann 1983). In M.splendens, laying times follow a similar pattern (Brooker 
et al. 1988). In a few cases where the time of laying has been determined more 
accurately, two eggs were laid between 0800 and 0900 in this study, and six eggs 
between 0545 and 0730 in M.splendens (Brooker et al. 1988). Thus if fertilisation 
patterns of wild birds are comparable to those of domesticated species, the time period 
over which I carried out focal observations should correspond to the predicted time of 
peak copulation. 
Male displays 
Several studies report observations of a curious display by males, in which the body 
feathers are flattened to give the bird a blue-and-black appearance (Bradley and Bradley 
1958; Rowley 1991). These displays may or may not be accompanied by the carrying 
of a flowerpetal . Rowley and Russell (1990) recently described a similar display for the 
splendid fairy-wren, M. splendens, and showed that their display is often associated 
with territorial intrusions by males. 
Calculations of male display rates 
To compare male display frequencies, display rates determined from observations of 
focal males are desirable. However, I found that extended observations of focal males 
were rarely possible, because they alternated between furtive behaviour and rapid, 
unpredictable movements through dense vegetation when embarking on extra-territorial 
excursions. I therefore derived display frequency across male age classes from other 
sources, in the form of displays observed a) during focal observations of females, and b) 
opportunistically. These estimates should be an accurate indication of relative display 
rates, assuming that my opportunistic observations were not biased among males. Since 
opportunistic observations of displays took place during routine censuses of groups, and 
searches for nests, my observations were generally unlikely to be biased toward 
particular males. 
For displays observed during focal observations, I tallied the number of males in 
territories around the focal territory with opportunities to display ( < 2 territories away; 
this includes 94% of all intruders) for each set of observations in a focal territory. I then 
calculated an index of opportunity for each male age class as the total number of males 
with opportunities to display, multiplied by the number of hours of observation carried 
out in that territory. I determined the ratio of displays per opportunity by dividing the 
total number of displays by the mean opportunity index value for each age class. 
For opportunistically observed displays, I attempted to determine whether some age 
classes of male were better represented than others, relative to their frequency in the 
population. I calculated a ratio of the number of displays for each age class to the 
number of males in the population belonging to that age class during the study. 
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RESULTS 
Intrusions and displays 
I observed 400 intrusions by known extra-territorial males between August 1987 and 
October 1991 (Figure 1 ). Most intruders located the resident female and performed a 
display, sometimes followed by a chase. A further 43 displays were seen where the 
male could not be identified. Since in every case the male left the territory after 
displaying, I assume that they also were intruders. 
Nature of the display 
In a typical sequence of events, the intruding male would fly down to where a female 
was perched or foraging (often after observing her from nearby cover), and adopt a 
characteristic posture, erecting his cheekfeathers, lowering his tail and displaying the 
contrasting blue and black feathers of his plumage by twisting his bcxiy from one side to 
another. Displays were usually extremely brief (between 2 and 30s), and after 
displaying the male either rapidly departed (80%, 249/310), or he pursued the female, 
continuing to display in short bouts (20%, 61/310). Intruders never attempted to mount 
females (although the intentions of chasing males were unclear). Departing males 
frequently appeared to continue displaying as they flew off, flying with their bcxiies 
held vertically and their tails lowered ('sea-horse' flight described for M.splendens; 
Rowley and Russell 1990a). 
Rarely, displays were seen in other contexts. On seven occasions, males displayed to 
neighbouring females while in large foraging flocks comprising several groups, or 
during melees associated with border disputes. Displays by a male to a female in their 
own territory were seen on eight occasions. However, two of these males were 
unpaired helpers. Thus only 2.5% of all displays involved identifiable males from 
within the female's own territory, and only 1.9% involved her social mate. 
Displays were seen during all months of the year, but predominantly during the 
breeding season (September to January), and the two months preceding breeding (July 
and August). The peak frequency of displays occurred during September and October. 
Petal carrying 
About 20% of displaying intruders (76/375) carried a flower petal or flower in their 
bill. A similar proportion of males seen to intrude but not display carried petals ( 19/81, 
24% ). Six males were seen within the boundaries of their own territories picking or 
carrying petals. None displayed to the resident female. I suspect that these males had 
recently returned from intrusions into neighbouring territories, or were about to depart. 
Petals were typically yellow (99/102; two were pink, one was red), sharply 
contrasting the blue and black plumage of displaying males. Acacia spp. inflorescences 
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and Hibbertia spp. and Goodenia spp. petals were used most commonly. The high pec1e 
diversity in the plantations ensured continuous availability of yellow petals throughout 
the season. 
The 72 cases of petal carrying involving identifiable males were contributed by 45 
individuals. No single individual was seen carrying petals on more than four occasions 
during the entire study. 
Identity of intruding males 
Intruders were always males in blue nuptial plumage, and they usually came from 
adjacent territories, but occasionally from as far away as four territories (Table 1). 
Generally they were primary (paired) males in their own territory, but about 16% 
(44/278) of intruders were helpers. Intruders were generally at least two years old 
(364/375, 97%; Table 2). Estimates derived from the two methods outlined suggest that 
display frequency increases with male age. The proportion of known age males seen 
displaying on at least one occasion, the number of displays per individual, and the 
number of displays observed for each performing male were all higher for older males. 
All measures showed a monotonic increase until at least the age of four years; thereafter 
display frequency may decline. There was no difference between age classes of males 
in the proportion of displays involving petals (d/=4, x2=0.53, p=0.97) . Primary males 
were not more likely to display with petals than helpers (df 1, x2=0.23, p=0.63). 
Timing of intrusions 
Intrusions took place at all stages of the reproductive cycle of the female. Males 
were often seen displaying to females before the start of the breeding season (N=46), 
and a considerable number displayed to females that were clearly not fertilisable for 
other reasons (ie incubating or attending nestlings or fledglings, N=103). Intrusions by 
extra-group males during the fertilisation period were common. During a single 
observation period (20 min) some females were visited by up to 7 males. Both the 
mean number of intrusions per observation period, and the proportion of females visited 
by at least one male peaked at about 4 to 5 days before the laying of the first egg (Fig 2 
a,b). 
For some displays I knew the reproductive condition of both the female visited, and 
the female left unattended by the displaying male (Table 3). Few males displayed when 
nestlings or dependent fledglings were present in their own territory, suggesting that 
parental duties may restrict male opportunities for extra-territorial excursions. Males 
often left their females unattended when they might have been fertilisable , but generally 
they did so only when there was a chance of achieving a fertilisation with the female 
they visited (Table 3). 
Males often visited several neighbouring territories in sequence. They demonstrated 
a remarkable knowledge of the location of nests in neighbouring areas, given that fairy-
wrens build cryptic and well concealed nests in dense vegetation. Several males (N=22) 
flew directly to the bush in which a nest was located. They would then investigate the 
nest, flushing and pursuing the female if she was sitting (N=9) . 
It was not clear what cues males might have used to determine the fertility of 
females. Intruding males investigated both active and depreciated nests of neighbouring 
females, possibly to assess their reproductive status. Females that were lining their 
nests (four to five days before laying), were often harassed by intruders during trips to 
the nest with material,. Therefore, females carrying nest lining material may be 
providing males with a good cue to their fertility status. 
Guarding of paternity by resident males 
Response to intruders 
Resident males rarely managed to intercept and chase out intruders before they could 
display and leave of their own accord (3% 14/448). They were present near the female 
on about one-third (29%, 110/375) of occasions that displays took place. Resident 
males often responded by chasing the intruder from the territory after he started 
displaying (63%, 69/110), but sometimes they were unable to successfully evict him 
(5%, 5/110). Surprisingly, resident males frequently (33%, 40/110) made no attempt to 
repel the intruder, continuing to forage or perch near the female as the intruder 
displayed to her. Whether an intruder was chased from the territory or left voluntarily 
was not influenced by whether he was older or younger than the resident male (X2=0.75, 
NS). 
Association with the female 
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Males that stayed close to the female apparently had the best chance of intercepting 
intruders. On 79% of the 14 occasions were an intruder was successfully intercepted 
before he could display, the resident male was within Sm of the female. The proportion 
of time males spent near the female, which is often interpreted as guarding behaviour 
(Birkhead 1987) is illustrated in Figure 2b. The proportion of time males spent near 
their mate during her fertilisation period differed between young (1 to 3 years) and older 
(four years or older) males. The proportion of time older males spent near their mate 
corresponded remarkably well with the risk of intrusion, suggesting that males are 
showing guarding behaviour. Young males appeared to spend more time near their 
females before intrusions peaked, and their patterns of attendance did not track the risk 
of intrusions as predictably. 
During the fertilisation period, females initiated most flights away from a foraging 
patch, and when they left, males often followed them within 30s (Table 4). Females 
rarely ever followed males when they initiated flights. This was not surprising, since in 
many cases, males launched themselves on extra-territorial forays with such flights , 
abandoning the female. When they were separated, it was generally the male that 
rejoined the female, by returning to the territory. These data suggest that the male is 
responsible for maintaining pair contact during the fertilisation period. During 
incubation, and when groups were caring for dependent nestlings, male following 
behaviour was much less pronounced (Table 4). 
Behaviour of females 
Response to intruding male 
Females generally appeared disinterested in displaying males and avoided them 
when they were being pursued. Displays were never seen to lead to copulation between 
the intruder and the resident female, and even when females occasionally solicited (by 
quivering their wings, N=3), displaying males did not appear to be interested in 
mounting. No pursuit ever led to a mating. 
Female excursions 
Females were on three occasions seen in the territory of another female during the 
breeding season. Once the female was trapped on a morning in a territory separated 
from her own by two territories. The same day, she was seen back in her own territory 
again. In the other two instances I saw females in neighbouring territories, but in both 
cases they soon returned to their own territory and no interaction with other birds in the 
territory were observed. These observations suggest that females may visit males in 
their own territories. 
Copulations (w°J\\·,n-?"-\f top,,J"'hohS, w PG) 
Few copulations were observed., either between members of a pair~ or between a 
l CQ(. tyQ, -~··v- (Of"''~ ti'Oi.'IS, 6 Pe,) " 
female and an extra-group mal~. Copulations were classed as successful if the male 
lowered his tail, appearing to make cloacal contact. During the course of the study I 
only ever witnessed one successful copulation between an extra-group male and a 
female. Unfortunately this mating was already in progress when I observed it, so I was 
unable to determine whether it was solicited by the female . 
I witnessed only eight successful within-pair copulations d.Ild a small number of 
unsuccessful attempts. A similarly low rate of observation of WPC has been reported 
for the splendid fairy-wren (Rowley and Russell 1990) and some other passerines eg 
(Birkhead 1979; Bjorklund and Westman 1983). Within-pair copulations were seen 
during the morning and late afternoon. They were brief and unspectacular, and were 
never preceded by displays. In all cases the female solicited copulation by crouching 
and quivered her wings. Where the male was a few metres away, the female often sang 
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before soliciting and he then flew towards her immediately and mounted. Mountings 
were very brief and never lasted for more than two seconds. 
From this small sample, the estimated frequency of extra-pair copulations is 11 % 
(1/9). This percentage is considerably lower than the percentage of extra-pair 
fenilisations (Chapter 4 ). 
DISCUSSION 
Why are displays so frequent, but copulations so rare? 
Adult male superb fairy-wrens frequently intruded into neighbouring territories, 
sought out breeding females in those territories, and performed elaborate displays. 
The context of these intrusions clearly suggests that such males are seeking extra-pair 
copulations (M~ller 1987b ). However, displays never led to copulation between a 
female and an extra-group male. It is likely, therefore, that they have a more complex 
function than the immediate procuring of a copulation. 
If intrusions are attempts at extra-pair copulations, males should attempt to maximise 
their chances of success, by visiting females when they are receptive (Buitron 1983; 
Davies 1985; M~ller 1985; Westneat 1987) and intruding when her partner is absent, to 
reduce the risk of interference (Bjorklund and Westman 1983; Emlen and Wrege 1986; 
Brodsky 1988). Displaying male superb fairy-wrens contradict these predictions by 
behaving in ways that ought to reduce their chances of successful and uninterrupted 
EPC. 
First, almost half of all displays (n=l49, 48%) were directed at females that were not 
fertile; either breeding had not yet commenced, or females were incubating eggs or 
caring for dependent young. Displays were seen as early as five months before the start 
of the breeding season. Second, most intruders did not pursue the female or attempt to 
mount her. Instead males departed the territory rapidly after displaying briefly, even 
when the resident male was still absent. On rare occasions where a female appeared to 
solicit copulation during a display (by quivering her wings), the intruder did not 
respond by mounting, continuing to display (see also M. splendens, (Rowley and 
Russell 1990). Third, displays were extremely conspicuous, especially when the male 
carried a yellow petal. Although intruders may time their intrusions to coincide with 
the absence of the resident male (67%), the conspicuous nature of the display always 
rapidly attracted his attention if he was nearby. 
Given that extra-pair fertilisations are frequent (Chapter 4), these observations 
suggest that displays and matings occur in different contexts. One plausible possibility 
is that displays function to advenise the male as a prospective candidate for an extra-
group copulation. Females may assess extra-pair males through their displays, and 
subsequently engage in stealthy copulations with selected individuals. 
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Displays as male advertisement 
Hamilton (1990) suggested that male showiness in socially monogamous birds is 
likely to have evolved to enable assessment of male quality by females engaging in 
extra-pair copulations. The quality of a male's plumage might reflect, for example the 
his ability to resist parasite infections (Hamilton and Zuk 1982). Intruding male superb 
fairy-wrens appeared to be demonstrating features of their plumage to females. They 
erected their body feathers, and twisted and turned their bodies to display each side to 
the female. Displays were often followed by chases through the territory, and these 
could provide females with another cue to the stamina or health of the intruder 
(Hamilton 1990; Westneat et al. 1990). Three other key features of the display are 
likely to be important in advertising the relative merits of the intruding male: the onset 
of display, the frequency of visits, and the conspicuousness of the display. 
Individuals displayed frequently; many males were observed to visit the same female 
more than once, and males often visited several females in succession. Extra-territorial 
forays are likely to require a considerable investment of energy, since males engage in 
inter-territorial flights of unusual speed and duration (pers. obs.; Rowley and Russell 
1990a). Forays probably are costly to males in additional ways such as the risk of being 
cuckolded while absent, time lost that could have been spent foraging, and increased 
predation risk, due to the conspicuous and exposed nature of inter-territorial flights, or 
to lack of familiarity with local hazards. Thus females could also gain a good 
indication of a male's quality by assessing his frequency of costly visits. Older males 
appeared to display more frequently than younger males during the breeding season. 
The acquisition of nuptial plumage and the onset of display is correlated strongly 
with age, an important component of male viability (Chapter 6). Males may be 
broadcasting their viability by commencing displays well before the start of the 
breeding season (Chapter 6). In this way, females could rapidly assess the relative 
quality of an intruder in relation to her own mate. Fairy-wrens are territorial and 
sedentary, enabling females to recognise resident neighbours, so there is value in males 
advertising before breeding. 
Finally, the display is exceptionally conspicuous, and often made more so by the 
carrying of a colourful flowerpetal. Conspicuousness entails increased risk of detection, 
both by predators and the resident male. An interesting possibility for the function of 
petal carrying is that displays could function as an honest 'handicap' signal of the 
intruder's quality, by inviting detection and eviction by the resident male, if he is 
capable. Notably, in more than one-third of displays the resident male made no attempt 
to chase out the intruder, and occasionally residents trying to evict intruders were 
unable to do so successfully. 
Males may be able to promote their chances of successful extra-group copulation 
even when they are in their own territories, by regularly performing a loud, male-
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specific song in response to frequent and unpredictable prompts (the calls of predatory 
and other species). This song is acoustically adapted for long-range transmission and, 
like male displays, may have evolved as a specific signal of the singer's quality to both 
neighbouring females and their mates (Langmore and Mulder 1992, Appendix A). 
Female control of copulation k 
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Extra-pair copulations are thought toAmore successful if they are solicited by the /-
female (Birkhead and M0ller 1992; Lifjeld and Robertson in press). Forced copulations 
generally are unlikely to result in the effective transfer of sperm, probably because most 
passerines lack an intromittent organ (Fitch and Shugart 1984 ). All pair copulations 
observed in this study were solicited by the female. Further, female superb fairy-wrens 
were able to easily evade males when pursued (see also Arvidsson 1992). This, and the 
high frequency of displays by males implies that females control fertilisation. 
Otherwise, males would be predicted to invest attempt forced copulations rather than 
investing energy into displays that do not lead directly to copulation. 
If females are able to control extra-pair matings, the context of extra-pair matings 
will reflect the likely costs and benefits to extra-pair copulation for females. Mating 
with extra-pair males could be costly for females because fertilisations by males 
genetically inferior to their mate would compromise reproductive success, and females 
might also suffer direct costs if EPC involved a risk of infection by parasites or diseases 
carried by extra-group males (Westneat et al. 1990; Birkhead and M0ller 1992). More 
significantly, females risk withheld or reduced parental care to the brood by their mates 
if they were aware that they had been cuckolded (Burke et al. 1989). To insure against 
these costs, females are predicted to choose extra-pair mates with care, and mate 
stealthily (Birkhead and M0ller 1992). This may explain why females watched 
displaying males, but never mated with them. Lengthy surveying of males before 
mating has been observed in studies of lek-mating birds (Selous 1927; Kruijt and Hogan 
1967), which represent an analogous system, because males contribute only sperm. 
Females presumably do not mate with males immediately because assessment of 
relative male quality takes time (Pomiankowski 1989). Further, because male 
intrusions and displays are highly conspicuous and typically attract the attention of the 
resident male, they may not provide the most profitable arena for extra-pair copulations 
for the female. She may be better able to retain her mate's parental care by attempting 
to deceive him, by not partaking in copulation, but using the display to assess a male, 
enabling a less conspicuous copulation at a later date. Female black-capped chickadees 
(Parus atricapillus) are known to solicit copulations from extra-pair males by sneak 
visits to their territories at dawn (Smith 1988). 
Do males guard their paternity? 
Males appear to be responsible for maintaining pair contact. Following behaviour 
was more pronounced during the fertilisation period than during incubation or when 
nestlings were present, suggesting that males are guarding their mates, to reduce the risk 
of sperm competition. However, these observations are also consistent with the 
copulation-access hypothesis (Gowaty and Plissner 1987), which suggests that males 
stay close to females simply in order to be able to copulate whenever the female solicits. 
For older males, the proportion of time spent near the female peaked over a short 
pericxi, which was also when most intrusions took place (days -4,-5). This could 
suggest either that males are well attuned to the risk of intrusion and guard their females 
closely at that time, or that this is a peak time for copulation, and both resident and 
intruding males are responding to a cue given by females. Younger males started 
attendance earlier and spent more time near their females than older males did 
throughout most of the fertilisation pericxi. Again, this could be because young males 
gain less from attempted EPC and do better to try and maximise paternity in their own 
group (suggesting close following is a form of paternity guard), or because virtually all 
young males were novice guarders (in their first season as a paired male) and were thus 
perhaps less experienced at reading cues to the fertility of the female (supporting the 
copulation-access hypothesis). 
The low rate of observed copulation may render the copulation-access hypothesis 
unlikely. However, two other aspects of male behaviour also fail to support the mate 
guarding hypothesis. First, since males are clearly at extreme risk of being cuckolded 
by neighbours while they are themselves engaged in extra-territorial forays (Chapter 2), 
they might be predicted to leave their female unguarded only when she is not receptive 
(Birkhead 1987). However, males often left on extra-territorial forays when their mate 
was fertilisable. As a consequence, they rarely managed to intercept and chase out 
intruders before they had initiated a display. Second, even when they did detect an 
intruder, they often took no action (see also Rowley and Russell 1990a). Although 
displays might not represent an immediate threat of fertilisation, males should benefit 
from reducing the range of males the female can assess, particularly if displays provide 
important cues to male quality for the female. Overall, it appears that the response of 
resident males to intruders is weak, but their response to their own female is well 
defined. These data are probably most consistent with the copulation-access 
hypothesis. 
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There are no obvious constraints to mate guarding by male superb fairy-wrens. Their 
habitat is 'visually occluded', which might make effective monitoring of the female by 
the male more difficult (Sherman and Morton 1988; Westneat et al. 1990), but usually 
females were left unguarded simply because the male had left the territory to display to 
a neighbouring female. Further, in the absence of effective guarding behaviour, there is 
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no evidence that males employ frequent copulation as another strategy to guard their 
paternity. Copulations in both superb fairy-wrens (this study; Rowley 1965) and 
splendid fairy-wrens (Rowley and Russell 1990) are rarely observed, despite the fact 
that males are clearly at extreme risk of being cuckolded. Neither were male superb 
fairy-wrens ever seen to engage in retaliatory matings after the female was visited by an 
intruder. 
The high levels of extra-group fertilisation identified through DNA fingerprinting 
confirm that males either choose not to guard, or that anti-cuckoldry strategies are not 
effective. My observations of male behaviour suggest the former is more likely. 
Several factors could make mate guarding less profitable for males. Foremost 
among these is female behaviour. If female cooperation is required for successful 
fertilisation, and females actively solicit copulations by visiting males in their 
territories, males will be unable to exert much influence over the mating behaviour of 
the female. Attempting to guard the female very closely may therefore be pointless or 
excessively costly. Additional factors, such as the high levels of clutch predation 
(Chapter 3) could further reduce the value of investing energy into a given brood, and 
might favour pursuit of extra-pair copulations as a tactic to reduce variance in male 
reproductive success (Gauthier 1988). Because the adult sex-ratio is highly male biased 
(Chapter 2; Rowley 1965) and females and territories are limiting (Pruett-Jones and 
Lewis 1990), males may be unable to counter female tactics by desertion. The 
evolution of a such unique and context-specific extra-group solicitation display 
underscores the significance of extra-pair fertilisations in the mating system of this 
species. 
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Table 1. Percentage (N) of male superb fairy-wrens intruding onto territories at various 
distances. Numbers shown are percentages, with sample sizes in parentheses. 
Intruder's territory * Total Primary male Helper 
Adjacent 73 (202) 73 (173) 66 (29) 
Separated by one 21 (60) 21 (48) 27 (12) 
Separated by two 5 (14) 5 (11) 7 (3) 
Separated by three 1 (2) 1 (2) 0 
* Mean territory diameter = 80m. 
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Table 2. Two estimates of display frequency across male age classes. The total number of males comprising 
the sample is added in parentheses. 
Displays observed during focal observations 
Age Proportion . . di .d al Displays per 
lil vi U S . l 
(yrs) displaying opportunity 
1 0.09 0.29 (34) 
2 0.52 2.83 (27) 
3 0.66 4.58 (15) 
4 0.83 5.95 (6) 
S+t 0.50 3.13 (12) 
1,2 see text for explanation 
t Males five years or older 
Displays per N 
performer 
(x + s.e.) 
1.0 + 0.0 (3) 3 
1.6 + 0.3 (14) 22 
2.1 + 0.4 (10) 21 
2.6 + 0.8 (5) 13 
2.7 + 0.9 (6) 17 
Displays observed opportunistically 
Proportion . Displays per . d. . d al Displays per 
lil ivt U S . d" .d all performer displaying 1n 1vi u (x + s.e.) 
0.06 0.06 (100) 1.0 + 0.0 (6) 
0.28 0.40 (58) 1.4 + 0.2 (16) 
0.38 0.54 (24) 1.3 + 0.2 (9) 
0.82 1.73 (11) 2.0+ 0.3 (9) 
0.96 1.65 (23) 1.7 + 0.3 (22) 
N 
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Table 3. Number of male intrusions relative to the reproductive condition of the female 
left unattended, in comparison with the reproductive condition of the female visited. 
The duration of each reproductive stage is listed in parentheses. 
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Reproductive condition of female left unattended 
pre-nesting fertilisation incubation nestlings fledglings 
( 10 weeks) (2 weeks) (2 weeks) (2 weeks) ( 4 weeks) 
pre-nesting 40 1 4 1 0 
fertilisation 15 50 25 3 4 
Reproductive incubation 0 10 10 3 0 
condition of 
female visited 
nestlings 2 9 13 4 4 
fledglings 0 1 2 0 1 
o/o 28 35 27 5 5 
(N) (57) (71) (54) (11) (9) 
Table 4. Male and female following behaviour (proportions) during three stages of the 
nesting cycle. Sample sizes are in parentheses. 
Stage of Female Male follows Female follows When parted 
nesting flies first female male male rejoins 
female 
Fertile 0.65 (400) 0.65 (258) 0.17 (142) 0.72 (215) 
Incubation 0.72 (46) 0.33 (33) 0.15 (13) 0.88 (16) 
Nestlings 0.48 (21) 0.20 (10) 0.09 (11) 0.50 (8) 
1 
Copulation 
22 
Visited nest 
Intrusion 
310 
Display 
53 
Left without displaying 
or outcome unknown 
14 
Intercepted before display 
Figure 1. Flow diagram summarising frequency of different events after male 
intrusions. 
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Figure 2. Mean (+ SE) number of intrusions by extra-group males per territory (a), and 
mean (+ SE) attendance by resident primary males during the fertilisation period of the 
female (b). Data are from 16 days before laying of the first egg to the the day before 
laying of the last egg. Numbers above error bars denote the proportion of females 
visited by at least one male (a) and the mean proportion of time spent by resident paired 
males near (within 5m) the female (b). Solid circles denote young (1 to 3 years old) 
males, open circles denote old (four years or older) males. 
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Chapter 6 
Timing of pre-nuptial moult signals 
male viability in superb fairy-wrens 
(co-authored with Michael Magrath) 
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ABSTRACT 
Superb fairy-wrens (Malurus cyaneus) are socially monogamous, but males often manage 
to gain extra-group fertilisations. They appear to solicit extra-pair matings by visiting 
females in neighbouring territories and displaying their brightly coloured nuptial plumage. 
Males are seasonally dichromatic and posses their nuptial breeding plumage for highly 
variable periods, spending most of the non-breeding season in a cryptic 'eclipse' plumage. 
The acquisition of eclipse plumage after breeding is relatively synchronous, but males 
vary by as much as six months in when they return to nuptial plumage. Individuals start 
performing displays as soon as they return to nuptial plumage, often several months 
before breeding starts. We show that the timing of the pre-nuptial moult is influenced by 
age and environmental conditions. We argue that temporal variation in acquisition of 
nuptial plumage allows females to assess the relative quality of males, since timing of the 
pre-nuptial moult signals male viability. Moulting earlier in the season is costlier, so this 
character reliably reflects male quality and is not open to cheating. 
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INTRODUCTION 
Brightly coloured plumage, and other apparently sexually selected traits are enigmatic 
when they occur in males of monogamous species. Such traits are more easily explained 
in polygamous mating systems, where females choose among numerous competing males, 
and variance in male mating success is higher (Kirkpatrick 1987). In monogamous 
species, there ought to be less scope for sexual selection, because male mating success is 
much less variable. Sexual dichromatism in monogamous species is generally less 
pronounced than in polygamous species (Hoglund 1989), but secondary sexual characters 
are still perplexingly common. 
Darwin (1871) and Fisher (1958) suggested that sexual ornaments in monogamous 
males would evolve if some males gained a mating advantage because females varied in 
fecundity, and ornamented males were preferred by females producing more, or better 
quality offspring. Theoretical (O'Donald 1980; Kirkpatrick et al. 1990) and empirical 
(M~ller 1988) work has shown this to be a plausible process. 
An additional factor increasing variance in male mating success is the ability of 
supposedly monogamous males to fertilise females other than their social mate (Westneat 
1987; Birkhead et al. 1988). Extra-pair-bond copulations are now recognised in a growing 
number of bird species as an important and adaptive component of male and female 
mating strategies (Westneat et al. 1990; Birkhead and M~ller 1992). The evolution of 
readily assessable characters like colourful plumage is particularly likely in the context of 
extra-pair copulations, since females must be able to rapidly gauge the relative 
attractiveness of males (Hamilton 1990). 
Considerable debate surrounds the question of how female preferences for a given trait 
might have arisen. According to Fisher ( 1958), females initially preferred characters in 
males that conferred some fitness advantage. This could have led to a 'runaway' 
exaggeration of the male trait, and female preference for the trait, even if expression of 
the trait was unrelated to male viability. Alternatively, elaborate traits in males might 
serve as honest 'handicap' signals of male quality, which through their cost demonstrate 
the fitness of the bearer (Williams 1966; Zahavi 1975; Zahavi 1977). Females benefit by 
choosing ornamented males because they gain 'good genes' for their offspring. These 
models suggest that female preferences arise because of indirect benefits for their 
offspring. Alternatively, female preferences could be a result of direct fitness benefits 
females gain from mating with particular individuals (Kirkpatrick and Ryan 1991). 
The superb fairy-wren, (Malurus cyaneus) is a sexually dichromatic Australian 
passerine. Males in nuptial plumage have a glossy pale-blue crown, ear coverts and 
mantle, starkly contrasted by their dark lores, back and throat, whereas females and 
juveniles are plain brown. At the conclusion of breeding, males moult out of nuptial 
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plumage, and into a female-like 'eclipse' plumage, which they retain for variable durations 
before returning to nuptial plumage for the next breeding season (Rowley 1965). Such a 
seasonal change from conspicuous breeding plumage to cryptic non-breeding plumage is 
a compelling arguments for the relevance of sexual selection (Andersson 1983). 
Superb fairy-wrens are socially monogamous, but prior to and during breeding males 
pay numerous visits to neighbouring territories, where they perform dramatic displays of 
their colourful plumage, in an apparent attempt to solicit extra-pair copulations (Chapter 
5). Displays are seen exclusively in this context and rarely feature in within-pair 
courtship, which is brief and unspectacular. Only nuptial males display, and individuals 
start performing soon after they turn blue in the pre-nuptial moult, often several months 
before the start of the breeding season. Recent genetic analyses have revealed that extra-
group matings account for more than three quarters of all fertilisations (Chapter 4). 
In this paper we examine to what extent variability in the time at which males re-
acquire nuptial plumage reflects male viability. We also consider possible roles for 
plumage in social mate and territory acquisition. 
METHODS 
Species 
Superb fairy-wrens are small (ca 10g), social, insectivorous passerines. They inhabit 
the understorey of eucalypt woodland and open forests, but are also common birds of 
suburban parks and gardens. An interesting feature of their sociality is the phenomenon 
of cooperative breeding, where young birds delay dispersal from their natal territory and 
contribute to the care of subsequent broods (reviewed by Brown 1987). In superb fairy-
wrens, only males are typically philopatric and become helpers, and they contribute 
mainly through care of nestlings and dependent fledglings. They appear to delay 
dispersal primarily because of a shortage of mates (Pruett-Jones and Lewis 1990). 
Helpers do not contribute significantly to paternity within groups, and they rarely perform 
extra-territorial displays (Chapter 5). Groups are generally stable, cohesive and territorial, 
but in the non-breeding season territoriality is relaxed and birds from several territories 
congregate in large feeding flocks. 
Study site 
We studied superb fairy-wrens in Canberra, Australia (149015' E 360()5' S), between 
February 1987 and December 1991. The study site is the Australian National Botanic 
Gardens, a 40ha plantation of Australian native trees and shrubs. Natural rainfall is 
supplemented by sprinkler irrigation, promoting the availability of soil and litter 
invertebrates preyed-upon by fairy-wrens. Superb fairy-wrens occupy the study site in 
about 40 small territories, either as pairs, or in larger social units containing up to three 
additional adult males. 
Procedures 
109 
All adults were caught in mist-nets and colour-banded. We took several standard 
measurements: 1) head plus bill length (distance from the back of the head to the tip of the 
bill, to the nearest 0.1 mm) using dial calipers, 2) tarsus length (to the nearest 0.1 mm) 
using dial calipers, 3) flattened wing length (to the nearest mm) using a ruler, 4) tail 
length (to the nearest mm) using a ruler and 5) body mass (to the nearest O. lg) using a 
Pesola spring balance. 
Nestlings were colour-banded 7-8 days after hatching, allowing us to determine the 
exact age of males that were subsequently recruited to the population. Virtually all 
females recruited came from outside the study site. Group histories and social 
relationships were determined through regular censuses of the population. 
Moult 
Both sexes undergo a complete moult once each year, at the conclusion of the breeding 
season (Dove 1923; Bradley and Bradley 1958; Rowley 1965). This post-reproductive 
moult in both sexes is characteristic of most birds (Payne 1972). Only males undergo the 
second, pre-nuptial moult, which is restricted to the coloured body feathers (Schodde 
1982). 
During daily visits to the study site we recorded when individual males started and 
completed moult. Since both moults in males involve a dramatic change in appearance, 
relative progress of the moult could be readily determined by assessing the ratio of 
blue/black to pale brown body feathers. We assigned moulting males to nine categories, 
ranging from 1 (nuptial) to 9 (eclipse plumage). Thus category 3, for example, represents 
a bird sporting 75% nuptial feathers . The day the first signs of moult appeared could only 
be determined for a small number of males, but by calculating mean intervals between 
moult stages for separate age classes (generally a few days) we were able to estimate 
accurately the day moult started and finished for birds that were seen in intermediate 
stages of moult. Clearly our estimates may not be physiologically correct, but our interest 
is primarily in relative measures. 
Data analysis 
In all analyses we used the date a bird first showed signs of moulting as the dependent 
variable. Starting date and completion date of moult are highly correlated (r=0.98, 
df 200, p=0.0001) and all analyses produced the same relationships, irrespective of 
whether completion date or start date was used. Morphological traits were log 10-
transformed to obtain normal distributions for statistical tests. 
RESULTS 
General description 
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All males moulted into nuptial plumage by the end of their first year, and in every 
subsequent year, although the breeding plumage of first-year males was often imperfect 
and contained numerous brown feathers. The only exception to this pattern was a male 
that acquired a black bill and blue tail (characteristic features of male eclipse plumage), 
but to date (age 3 years) has never moulted into nuptial plumage. During breeding, this 
male was unique in not possessing a cloacal protuberance, a normal feature of 
reproductively active males. The reproductive incompetence of this individual suggests a 
link between the production of sex hormones and acquisition of secondary sex characters. 
Only 5 of 424 males (1 o/o) moulted from one nuptial plumage into another without 
passing through the eclipse plumage phase. These males were all at least four years of 
age, and only one of these males repeated this feat in later years (see also Rowley 1965). 
This male remained blue year-round in his fourth and sixth years. The other four males 
moulted into eclipse every year for the two or three years following their full year of 
nuptial plumage. 
Males varied dramatically in the time at which they re-acquired nuptial plumage in the 
pre-nuptial moult The first eclipse male started to moult ba~k into nuptial plumage 180 
days before the last male started to moult. In comparison, the post-nuptial moult was 
relatively synchronous, with only 62 days separating the first and the last male to moult. 
The hormonal condition of males is likely to be different during the pre-nuptial and post-
nuptial moults (Payne 1972), with timing of the pre-nuptial moult probably driven by 
increases in circulating sex hormones, and the post-nuptial moult triggered by staggered 
falls in hormone levels. 
In this paper, we focus on the timing of the pre-nuptial moult, rather than the post-
nuptial moult, since it is considerably more variable, and this variability is likely to be 
more significant because it involves acquisition of nuptial plumage pre-mating, rather 
than the shedding of bright colours post-mating. 
Age differences in timing of moult 
The cumulative proportion of males in each age class starting the pre-nuptial moult is 
illustrated in Figure 1. Older males moulted significantly earlier than younger males 
(Table 1). As a more critical test of age effects on pre-nuptial moult pattern, we carried 
out pairwise comparisons of individuals measured in two consecutive years (Fig 2). On 
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average, males moulted significantly earlier in their second year of life than in their first , 
and earlier in their third year than in their second (Table 2). In later years there were no 
significant differences between ages, although the samples are small. 
Males older than four years show evidence of senescence in moulting pattern. In this 
age class the mean change in moult date was positive (males on average moulted later 
than in the previous year) and highly variable (Table 2). An interesting consequence of 
this pattern is that the primary (oldest) male in a group may not always be the first male to 
return to nuptial plumage. In one case we observed, a primary male was first to moult for 
three seasons, until a helper present in the group entered his fourth year. In that season, 
and in every subsequent season to date (N=3) the helper moulted earlier than the primary 
male. 
We compared the relationship between moult date in a given year (x) and in the 
following year (x+ 1) for different age transitions (eg first to second, second to third etc.) 
in an analysis of covariance, using moult date in year x as a covariate (Fig 2). With the 
exception of the oldest male age class, there was a highly significant relationship between 
moult date in a given year, and moult date in the subsequent year CF1,6s= 19.3, p=0.0001), 
and the intercepts (F3,6s=5.9, p=0.001) and slopes (F3,65=6.9, p=0.0004) of the regression 
were significantly different for each transition age. These results suggest that individuals 
moulting early (or late) for their age class in a given year tend also to moult relatively 
early (or late) in the next year. 
Given this strong age effect, we tested whether the timing of pre-nuptial moult in first 
year males might be influenced by their fledging date, since young fledge over a period 
spanning four months. There was no relationship between fledging date and the date first-
year males started the pre-nuptial moult (r=0.17, n=48, p=0.25). Clearly, the date on 
which first-year males start their first pre-nuptial moult is not a simple consequence of 
when they fledged. 
Year differences in the timing of moult 
For the two youngest age classes of males (first and second year) we were able to 
compare timing of moult within age classes for several cohorts ( 1988-1991; insufficient 
data were available to test older age classes). The mean starting date of moult differed 
significantly between years for the same age class (2-way ANOVA, F3,1 1s=9.65, 
p=0.0001), but there was no significant interaction between age and year (F3,11s=2.07, 
p=0.11 ). Thus the influence of year on moult does not differ for the two age classes. 
Winter conditions and the timing of moult 
The significant differences between years in the timing of moult for one and two-year-
old birds suggest that environmental conditions might influence moult dates. Moult is an 
energetically expensive process, usually carried out during periods of food abundance 
(Payne 1972). Fairy-wrens are insectivorous, and conditions reducing the activity and 
availability of prey might favour delayed moulting. 
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Annual mean moulting date was negatively correlated with the mean minimum 
temperature during the preceding winter for first year males (r=-0.99, p<0.01, df 2), and 
negatively but not significantly correlated with mean minimum temperature for second 
year males (r=-0.81, NS; Fig 3a). Mean moult date was also positively but not 
significantly correlated with the number of frost days in the preceding winter for both first 
(r=0.90, NS) and second year (r=0.56, NS) males (Fig 3b). 
Body condition and the timing of moult 
As an index of condition for each male, we calculated residuals around a reduced major 
axis regression of tarsus length against the cube of body mass (weights measured within 2 
months of the start of moult) for one and two year-old males. Males in better condition 
(with a positive residual) tended to moult earlier than those in poor condition (ANCOV A, 
F1,22=3.2, p=0.045, one-tailed test). Thus, if our index of condition is an appropriate one, 
there is evidence that the date on which males initiate moult is influenced by their relative 
body mass. 
Morphological correlates of timing of moult 
Correlations between the date on which the pre-nuptial moult started, and measured 
morphological traits were generally weak and non-significant (Table 3 ). One exception 
was tail length, which was positively correlated with moult date. Tail length in superb 
fairy-wrens is not a sexually dimorphic trait (males: 63.6 mm [+3.2 SD], n=l 76; females: 
63.4 mm [+3.1], n=79; t=0.46, df 253, p=0.65), and declines with age (F3,197=5.89, 
p<0.001) in both sexes (ANOV A testing for sex differences; F1,197=0.62, p=0.43). The 
pattern of decline with age does not differ between males and females (F3, 191=0.46, 
p=0.71). Overall head length and tarsus length, which are skeletal traits and do not vary 
significantly with age, were unrelated to moult date. Body mass and wing length were 
also not correlated with moult date. 
Social suppression of moult 
In some social bird species there is evidence for socially induced suppression of 
reproduction in subordinates, through lowered testosterone titres (Reyer et al. 1986). 
Assuming coupling between circulating levels of male sex hormones and the development 
of secondary sexual traits, we compared males of a given age living in a social unit with 
an older male, with males of the same age living solitarily in their territory. We included 
only second and third-year males in this analysis, since all first year males spend the year 
in a social unit with at least one older male, and males four or older were generally the 
oldest male in the group. For both second and third year males, there was no difference 
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between males living in groups and males living solitarily in the mean date on which the 
moult started (F 1.11=0.06, p=0.81 ). Thus there was no evidence that the presence of an 
older male suppresses moult. 
Mate acquisition and timing of moult 
To test whether timing of moult might play a role in mate or territory acquisition, we 
compared mean moulting dates within age classes of previously unpaired males that 
acquired a mate and territory in the breeding season following moult, with those of males 
that remained unpaired. There was no significant difference in moult date between these 
two groups of males for any age class (2-way ANOVA using age as a factor, F1•127=0.31 , 
p=0.96). 
DISCUSSION 
Seasonal changes from conspicuous breeding plumage to cryptic non-breeding 
plumage are a compelling argument for sexual selection (Andersson 1983). We argue that 
the seasonally dichromatic plumage of male superb fairy-wrens has evolved through 
sexual selection, and that its primary function is mate attraction. Studies of plumage in 
other birds have suggested alternative roles for bird colouration (reviewed by Butcher and 
Rohwer 1989). Alternative hypotheses for the evolution of conspicuous plumage are 
listed in Table 4, with relevant features of the life history of M.cyaneus that suggest these 
hypotheses are inadequate as a primary explanation for plumage dichromatism in this 
species. 
Male superb fairy-wrens display their plumage in a highly specific context; to extra-
group females, during intrusions into neighbouring territories. Only males that have 
acquired breeding plumage in the pre-nuptial moult display, and displays start 
immediately after nuptial plumage is acquired, several months before the first females in 
the population become fertile. Our results show that timing of the pre-nuptial moult in 
male superb fairy-wrens varies both with age and environmental conditions. Older males 
undergo the pre-nuptial moult up to six months before breeding and often during winter, 
whereas many first-year males do not moult until after nesting has started. 
Early moulting by older males is likely to be costly. Moulting in birds is energetically 
demanding, and may coincide with a period of high mortality (Haukioja 1969). Basal 
metabolic rates are elevated by 20-40% for the duration of moult (King 1980; Walsberg 
1983). Enhanced metabolic rates result from the expense of growing feathers , 
thermoregulatory costs of decreased insulation and a greatly increased surface area 
exposed to heat loss at low temperatures, because growing feathers are highly 
vascularised (Payne 1972). During winter, the costs of moult are compounded by the fact 
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that food availability and ambient temperatures are at their lowest. For this reason, 
songbirds characteristically undergo moult during the most thermally benevolent season 
(Payne 1972). 
Young male superb fairy-wrens appear to delay moulting in years of more adverse 
weather conditions, suggesting moult is also costly in this species. Fairy-wrens are 
ground-foraging insectivores, with a winter diet made up mostly of Hymenopterans, 
Dipterans and Hemipterans (Rowley 1965). Insect numbers are lowest during winter, and 
their activity is temperature-limited (Matthews and Kitching 1984). Thus frost and low 
temperatures will limit foraging success, and favour a delayed moult. Within age classes, 
males in better body condition during the winter should therefore moult earlier, and our 
data provide support for this idea. 
The apparent pre-nuptial moult senescence in the oldest male age categories further 
suggests that moult is condition-dependent. Males moult earlier in progressive years, 
until at the age of four or five they may remain in nuptial plumage for an entire year. 
However, after such an event, males return to the characteristic cycle of alternating 
nuptial and eclipse plumages. Furthermore, only males four years or older moult on 
average later in a given year than in the previous year, illustrated by the positive 
increment in moult date for that age class. The regression of moult time in older males 
may indicate deteriorating physical condition. 
Increased risk of predation is an additional cost incurred by species that moult into 
bright plumage for the breeding season (Butcher and Rohwer 1989). This is hypothesised 
to be the selective cost favouring a less conspicuous non-breeding plumage (Krebs 1979). 
Male superb fairy-wrens that begin their nuptial moult early are therefore at risk for up to 
six months longer than those that moult late. Increased risk-taking by older birds for 
reproductive benefits is a general prediction of life history theory. Older birds with 
limited future reproductive value should expend more energy on current reproductive 
activities at some cost to survival, whereas younger males with greater future reproductive 
value should maximise the probability of survival at some cost to reproduction (Clutton-
Brock 1984). 
The costs of moulting early may be compensated for by enhanced extra-pair mating 
prospects. Although superb fairy wrens are socially monogamous, DNA fingerprinting 
has revealed that extra-group matings are of great significance to reproductive success in 
males (Chapter 4). Our observations show that the acquisition of nuptial plumage plays 
no demonstrable role in acquiring territories or social mates. Within all age classes, males 
that successfully paired with a female did not moult significantly earlier or later than 
males that remained unpaired, and there are numerous examples, both in our population 
and elsewhere (Rowley 1965) of females pairing with males still in eclipse plumage. 
More significantly, our observations, and experiments by others (Pruett-Jones and Lewis 
1990) suggest that females do not discriminate between males when accepting a social 
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mate. In contrast, only males in nuptial plumage engage in conspicuous extra-group 
displays. Continuing DNA fingerprinting studies will allow us to determine if males that 
moult relatively early are more successful at gaining extra-pair fertilisations . 
Hamilton ( 1990) argues the general case that showiness in monogamous males is 
unlikely to have evolved to facilitate choice of social mates, since courtship is usually a 
prolonged process and there are numerous other cues to the health and stamina of 
prospective mates. By contrast, females engaging in extra-pair copulations have limited 
time in which to assess the relative quality of males, and the evolution of readily 
assessable cues like bright plumage is likely to be favoured if extra-pair copulation is an 
important component of mating, as it is in superb fairy-wrens. 
Female choice and male-male competition may drive ornamentation in the same 
direction if females prefer age-correlated characters that also enable males to win 
contests. But there is no evidence that nuptial plumage plays any role in male-male 
encounters. Displays are never directed at other males, and residents are often absent 
when displaying males visit (Chapter 5). Fights between males are only observed during 
occasional border disputes involving all the members of two neighbouring groups. 
Further, we found no correlation between the date moult started, and several 
morphological traits including body size and mass. These characters are typically 
important indicators of fighting ability, and the absence of any relationship between these 
characters and moult date suggests that plumage plays no significant role in intra-sexual 
competition. 
Male displays of nuptial plumage to extra-group females may start months before the 
start of the breeding season, so copulation cannot be the immediate aim of the display. 
Instead, males may be broadcasting their viability through the timing of their acquisition 
of nuptial plumage, and this may provide females with an important cue to the quality of 
extra-pair males. Displays could provide females with an accurate cue to the absolute or 
relative quality of the displaying male in several non-exclusive ways. For example, 
females could compare the plumage status of an intruder to that of their social mate, or 
they could asse~the frequency of visits or the duration over which they were visited by a 
given male. Because fairy-wrens are territorial and sedentary, there is value in males 
advertising well before females become fertile because females have the opportunity to 
recognise resident neighbours. 
Age-related changes in sexually selected ornaments have been reported for several 
other birds. For example, tail ornaments in several birds increase in size or complexity 
with age (Smith 1965; Wiley 1974; M0ller 1988; Manning 1989; Hoglund et al. 1990). 
Females are also known to exhibit preferences for such age-related traits (M0ller 1988; 
Hoglund et al. 1990; Petrie et al. 1991). In socially monogamous species, females have 
been reported to show greater fidelity to older mates (M0ller 1988; Brooker et al. 1990), 
and unfaithful females may prefer to engage in EPC with older males (R¢skaft 1983; 
M0ller 1988). Females may benefit from selecting older males as mating partners 
because they have demonstrated their ability to survive (Halliday 1978; Kodric-Brown 
and Brown 1984; Manning 1985). 
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Other studies also provide evidence for the influence of environmental conditions on 
sexually selected traits. For example, food availability and foraging conditions may limit 
the degree to which adornments are expressed in scarlet-tufted malachite sunbirds 
(Nectariniajohnstoni; Evans 1991), and the length of barn swallow (Hirundo rustica) tails 
is correlated with weather conditions in their winter quarters (M0ller 1991). There is 
evidence that ornaments have a low growth priority and sexually dimorphic traits decline 
with decreased food availability (Andersson 1986). 
It is interesting that first year males moult into nuptial plumage at all, since they 
typically remain in their natal territory as helpers and are unlikely to gain fertilisations 
either within or outside their group, and are often cuckolded with their social mate, if they 
have one. Many birds, including two congeners (Tidemann 1989; Russell et al. 1991 ), 
exhibit delayed plumage maturation, in which males do not acquire adult plumage until 
their second year or later. In these species the costs of acquiring colourful plumage early 
in life apparently outweigh the benefits. In our study population, some first-year males 
holding territories successfully fathered young, and helpers were successful at gaining 
extra-pair fertilisations in neighbouring territories (Chapter 4). We suspect that the 
potential for reproductive returns, given a low probability of survival to old age, select 
strongly for expression of this sexual character, even in young males. Annual attrition of 
adult males in the population over the four years of the study averaged 33%, with about 
27% of all first-year males (n=74) surviving to the age of four years (Chapter 2). 
In conclusion, the timing of moult appears to constitute an honest demonstration of male 
viability and condition. Males that moult early honestly demonstrate their condition to 
prospective extra-pair mates, because the cost of winter moult, and greater predation risks 
associated with conspicuous plumage insure against the possibility of cheating by 
individuals of inferior quality. Genuine signals of male quality are a general prediction of 
handicap models (Grafen 1990b; Grafen 1990a). However, correlations between male 
viability and the degree of expression of sexual traits are generally not very informative 
about the evolutionary mechanisms giving rise to these correlations, since both good genes 
and runaway models of sexual selection may predict such a relationship at evolutionary 
equilibrium (Kirkpatrick and Ryan 1991; Jones 1992). Further observations and 
experiments will be required to test different models of intersexual selection. 
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Table 1. Mean date on which males 
commenced the pre-nuptial moult, across 
five age classes. Values with different 
superscripts differ significantly from 
each other (p<0.05, Scheffe's test). 
Age (yrs) Date (SD) N 
1 257.6 (14.5)a 82 
2 234.3 ( 15.0)b 49 
3 220.0 (18.8)C 26 
4 214.1 (20.1 )C 12 
5+ 192.7 (19.8)d 18 
Table 2. Age differences in the date on which males commenced the pre-nuptial 
moult, for individuals recorded in consecutive years. Values are expressed as 
means (SD) of julian date. t-values refer to paired t-tests. 
Age (yrs) Date (SD) N t Mean increment (SD) 
1 259.3 (11.3) 35 12.23*** - 25.4 (12.3) 
2 233.9 (14.7) 
2 230.5 (14.1) 18 2.53* - 10.3 (17.4) 
3 220.2 (20.7) 
3 220.3 (12.4) 11 0.84 - 4.4 (17.3) 
4 215.9 (20.2) 
X (4+) 195.8 (39.2) 10 -0.28 +-4.6 (46.0) 
x+l 200.3 (13.8) 
*** p<0.001, * p<0.05 
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Table 3. Correlations between starting date of 
the pre-nuptial moult and several morphological 
characters (log10-transformed) in male superb 
fairy-wrens. 
Morphological trait df Coefficient 
Body mass 82 - 0.140 
Head plus bill length 86 - 0.077 
Wing length 74 - 0.169 
Tarsus length 86 0.034 
Tail length 75 0.362 .. 
** p<0.01 
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Table 4. Alternatives to sexual selection as the primary explanation for the evolution of 
conspicuous, seasonally dichromatic plumage. 
Hypothesis Mechanism Predictions/ asswn ptions M.cyaneus 
Threat Signal to conspecifics of Colouration should function Stable, cohesive group units with 
(status signalling) ability to win agonistic to communicate between ample opportunity for individual 
contests relative strangers rather than recognition within groups (Rohwer 1975, 1982) familiar individuals 
(1) Territory defence Poorly plumaged males (1) No competition for territory 
should have difficulty vacancies, or challenges to 
competing for, or def ending territory holders by older 
territory unpaired males in neighbouring 
territories 
(2) Territory vacancies frequently 
occupied by youngest candidate. 
One territory held by permanently 
eclipse male 
(2) Foraging flocks Birds in nuptial plumage (1) Signal rarely present in winter 
should compete more foraging flocks 
successfully for resources 
(2) Squabbles over food in flocks 
rare 
Species recognition Signal to facilitate No selection for maintenance (1) Minimal sympatry with 
avoidance of hybridisation of signal in areas without risk congeners 
(Dobzhansky 1937) of hybridisation 
(2) Complex song repertoire and 
individual recognition 
Unprontable prey Signal to predator that Seasonal signal should be (1) Males acquire breeding 
bearer is unprofitable prey present when bearers are least plumage before breeding, when 
(Baker & Parker 1979) profitable relative to others numbers of vulnerable juveniles 
are lowest 
(2) No evidence that permanently 
cryptic adult females are more 
profitable prey 
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Figure 1. Cumulative proportion of male superb fairy-wrens in five age classes 
commencing the pre-nuptial moult. 
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Figure 3. Starting date of the pre-nuptial moult in first-year (open circles) and 
second-year (filled circles) male superb fairy-wrens, related to two indices of 
winter conditions, a) mean minimumum temperature and b) number of frost 
days, calculated over the period May-October for first-year males, and May-
September for second-year males (all second-year males had commenced 
moulting by October). The mean date of laying of the first egg of the breeding 
season was laid was day 258 (+ 4 SD, n=4 seasons). 
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Chapter 7 
Sperm competition and the reproductive anatomy 
of male superb fairy-wrens 
( co-authored by Andrew Cockburn) 
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ABSTRACT 
In superb fairy-wrens, Malurus cyaneus, groups of males cooperate with a single female 
to rear young, yet offspring are usually sired by males from outside this cooperative 
group. In this unusual mating system, there must be the potential for intense sperm 
competition. During the breeding season, males develop a sperm storage structure 
(cloacal protuberance) and testes which proportionally are among the largest found in 
passerines. We compared the sizes and pattern of development of cloacal protuberances 
in males differing in age and social status. Protuberance size increased with body 
mass. Age, intra-group dominance and pairing status did not influence the overall size 
of the protuberance, but old males had a larger tip on their protuberance. This 
prominent tip has not been reported in other species, and we speculate that it serves an 
intromittent function. Other birds with large testes and cloacal protuberances have high 
copulation rates, but copulation in superb fairy-wrens is rarely observed. Cloacal 
protuberances and large testes in superb fairy-wrens may provide large sperm reserves 
primarily for frequent extra-pair copulations. 
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INTRODUCTION 
Females of many passerine species may mate with more than one male during a 
single fertile period (Birkhead and M¢ller 1992). Breeding males in these species often 
respond behaviourally by close following or guarding of their mate, and exhibit 
anatomical structures that appear to have evolved to counter such sperm competition. 
For example, males commonly develop a swelling around the cloaca known as the 
cloacal protuberance (Fatio 1864; Salt 1954; Wolfson 1954). The protuberance results 
from the enlargement of the seminal glomerus (the distal end of the ductus deferens), 
and is a site for sperm storage and maturation before ejaculation (Lake 1981 ). Species 
possessing relatively large protuberances are often polygynandrous and have high 
copulation frequencies (Nakamura 1990; Birkhead et al. 1991; Briskie 1992). It is 
therefore likely that the protuberance is an anatomical adaptation to sperm competition. 
In this paper we describe features of the reproductive anatomy of the superb fairy-
wren, Malurus cyaneus, a small Australian passerine. This species is not 
polygynandrous, but extra-group fertilisations are extremely common (three-quarters of 
all offspring are the result of extra-group matings, and more than 90% of clutches 
include at least one young sired by an extra-group male; Chapter 4). 
METHODS 
Species 
Superb fairy-wrens are small (ca. 10g) passerines common in south-eastern 
Australia. Our study site is the Australian National Botanic Gardens, a 40ha plantation 
of Australian native shrubs and trees on the eastern slopes of Black Mountain, Canberra 
(149015' E 360()5' S, elevation 650m). Fairy-wrens occupy most habitat at this site in 
30 to 40 small (ca. 0.6 ha) contiguous territories. Breeding takes place between 
September and February. Females are multibrooded and make numerous nesting 
attempts (up to seven) per season (Chapter 2). Breeding units consist of a female and 
primary male, and up to three additional 'helper' males, generally philopatric sons from 
previous nesting attempts. Most males moult from blue nuptial breeding plumage into a 
cryptic brown 'eclipse' plumage during winter, females remain brown all year. A very 
small number of old males moult directly from nuptial to nuptial plumage, but we have 
never observed males to do this in two successive years (Chapter 6) 
Cloacal protuberance 
Birds were captured in mist-nets between dawn and 0900 and weighed to the nearest 
O.lg using a Pesola spring balance. Between August 1991 and May 1992 we measured 
the dimensions of each male's protuberance (length [including and excluding the 
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prominent tip], width and height) to the nearest 0.05 mm~ using dial calipers. We 
measured cloaca! protuberances on 124 occasions (N= 89 males). All measurements 
were taken by one of us (R.A.M.) to minimise sampling error. In previous seasons, 
some qualitative information was collected on the timing of development of the 
protuberance (presence or absence was noted). 
Since the protuberance roughly resembles a barrel shape from its anterior to its 
posterior end, we estimated the volume of the protuberance as volume=length 7t r2, 
where r is estimated as 0.25 (width+height). For comparative purposes, we also 
calculated an alternative index of volume (length x width x height). 
Testes 
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We obtained data on testes size from fairy-wren specimens held at the Australian 
National Wildlife Collection, Canberra. Data were obtained as length x width of testes, 
and were recalculated to combined testes mass using M0ller's ( 1991) formula: 
testes mass (g) = 2 x l.087g.cm-3 l.331t a2 (cm2) b (cm), 
where a and b are the largest and smallest radii of each testis. To estimate testes mass 
at peak breeding, we followed Briskie (submitted) by fitting a second order polynomial 
between date and testes mass, and used the maximum of this regression as the average 
testis mass during breeding. We estimated average testis mass in this way for four 
species of M a/urus for which more than 15 measures of testes mass were available. We 
compared actual testes masses to those predicted from the allometric relationship: 
log (testes mass [g])= -1.37 + 0.67 log(body mass [g]) (M0ller 1991) 
to determine whether testes were relatively large or small for the body mass of the bird. 
Results are presented as means (+ SE) in all statistical tests unless stated otherwise. 
RESULTS 
Cloacal protuberance 
The cloaca! protuberance of male superb fairy-wrens appears as a large, bulbous 
structure surrounding the vent, mildly bilobed at the posterior end and forming a 
prominent pointed tip at the anterior end (Fig 1). The shape of the protuberance varied 
little between males. Protuberances were mostly bare, except for a ring of feathers 
around the vent. The coiled ducts of the seminal glomera were visible through the skin 
of the protuberance only in some individuals (eg Fig l); in others the skin was black. 
The average dimensions of the fully developed protuberance were: length 7. 9 + 0.1 
mm (N=42 [excluding the tip on anterior end of the bulb; 9.4 + 0.1 mm including the 
tip]), width 6.3 + 0.1 mm (N=42), height 5.3 + 0.1 mm (N=38). Males averaged 9.8 + 
0.1 g in body mass (N=97). Body mass correlated positively with protuberance width 
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(r2=0. l 2, p=O.O 17, N=45), height (r2=0.25, p=0.001, N=45) and volume (r2=0.17 , 
p=0.009, N=37). Cloacal protuberance size is strongly correlated both with the mass of 
the seminal glomera, and the number of sperm contained within them (Briskie 
submitted). Microscopic sections of Malurus cloacal protuberances have shown that 
they contain very large numbers of spermatozoa (Parsons and Cleland 1926). 
The volume index (length x width x height/body mass) of the protuberance is 26.7. 
Compared to the same indices for 36 passerines listed in Birkhead et al. (1991) and 
Briskie (submitted), the cloacal protuberance of superb fairy-wrens is among the five 
largest. 
The earliest date on which we detected swelling of the cloaca! area was 26 August. 
Seasonal changes in the length of the protuberance are plotted in Fig 2. Length 
correlated with width (r2=0.57, p=0.0001, N=33) and height (r2=0.47, p=0.0001 , 
N=32) and therefore provides a good measure of changes in the dimensions of the 
protuberance. Individuals moulted into nuptial plumage before their protuberances 
started enlarging (sometimes several months earlier), and no individual maintained a 
protuberance throughout the year, even though some retained their nuptial plumage. 
The first signs of decline in volume of the cloacal protuberance were noted on 15 
January, and the decline appeared well correlated with the onset of moult into eclipse 
plumage. The latest date we observed the presence of a (receding) protuberance in a 
male was 7 April. This male was in his sixth year and had moulted from one nuptial 
plumage into another. 
With one exception, males of all ages developed a protuberance during the breeding 
season, and there appeared to be no difference in the height, width and length of the 
protuberance across age classes (Table 1; measurements from the period of maximum 
protuberance size only, 1 November - 12 January). The length of the tip of the 
protuberance did vary, and was larger in older males (Table 1). 
A single male in his second breeding season, measured during peak breeding (24 
November) showed no enlargement of the cloacal area (solid circle, Fig 2). This 
unusual individual was also the only male not to acquire nuptial plumage in this or the 
previous breeding season. 
For 11 groups, we were able to capture all of the males resident in the group on the 
same morning, allowing us to compare directly the sizes of their protuberances. Seven 
groups consisted of two males, three of three males, and one of four males. Dominant 
males did not have larger protuberance volumes than the average for helpers in the same 
group (paired t-test, df 10, t=0.96, p=0.36). However, in two instances where two 
males from the same group were captured very early (1 October) or very late (4 
February) in the breeding season, the protuberance had receded in the subordinate male 
but was still present in the dominant individual. It is possible therefore, that although 
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sizes of fully developed protuberances do not differ greatly between individuals, 
protuberances develop later and regress earlier in young subordinate individuals. 
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Unlike females in some other species (eg Prune/la col/aris), female superb fairy-
wrens showed no evidence of cloaca! swelling or colouration during the breeding 
season, and we never observed behaviours such as cloaca-pecking (Davies and Houston 
1983) or ejection of faeces by females (Nakamura 1990) before copulation. 
Testes mass 
Testes length of superb fairy-wrens measured during the breeding season peaked at 
11.0 mm, with a mean mass of 0.48 g (4.9% of male body mass). Mean testes mass is 
144% larger than predicted for body mass. For the largest superb fairy-wren testes 
measured, testes mass (1.03g, 10% of body mass) was 393% larger than predicted for 
the body mass of the individual. Each of the other three species measured had similarly 
high average and maximum testes masses (Table 2). Figure 3 compares the relative 
testes mass of four species of Malurus to those of a range of passerines from M0ller 
(1991), correcting for the body mass of the superb fairy-wren (erroneously reported by 
M0ller ( 1991) as 20g). The relative testes masses of M alurus species are larger than 
those of almost every other species of comparable body mass. 
DISCUSSION 
Both the cloaca! protuberance and testes of superb fairy-wrens are very large in 
relation to its body mass. Large testes and sperm storage structures suggest that male 
superb fairy-wrens are anatomically adapted for frequent copulation or the transfer of 
large numbers of sperm per copulation. However, unlike all other species with 
relatively large cloaca! protuberances and testes ( eg Nakamura 1990, Birkhead et al. 
1991, Briskie 1992), superb fairy-wrens do not copulate at conspicuously high 
frequencies. Polygynandrous dunnocks (Prune/la modularis), for example, copulate 
about 14 times a day; female alpine accentors (P. collaris) up to 32 times per day 
(Nakamura 1990), and Smith's longspurs (Calcarius pictus) about 350 times per clutch 
(up to 7 times per hour during the morning, Briskie 1992). By contrast, we observed 
pair copulation less than thirty times, and extra-pair copulation only twice in the course 
of hundreds of hours of systematic observations of female superb fairy-wrens during 
mornings between 1987 and 1992. The majority of females in our study area have 
never been observed to copulate. A similarly low rate of observed copulation has been 
reported for the closely related splendid fairy-wren, M. splendens (Rowley and Russell 
1990). Paradoxically, these species are known to have the highest recorded levels of 
extra-pair fertilisation among birds (Brooker et al. 1990; Chapter 4). For this reason, 
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large cloaca! protuberances and testes in these species may be more important for 
frequent extra-pair copulations rather than within-pair copulation attempts. The 
evolution of large sperm storage organs for the purpose of extra-pair copulation is likely 
because males may attempt frequent inseminations with numerous females. If extra-
pair fertilisation involves the transfer of larger numbers of sperm than within-pair 
copulation, this would also demand larger sperm reserves. The fact that extra-pair 
copulations are typically secretive (Birkhead and M0ller 1992) may make them much 
less likely to be observed. A less plausible alternative possibility is that within-pair 
copulations are equally common, but also secretive. 
Young unpaired helper males also develop large cloaca! protuberances. Our 
evidence from DNA fingerprinting shows that these males only rarely achieve 
fertilisation in the group in which they live. However, they do engage in extra-group 
courtship, and achieve extra-group fertilisations. In at least two groups we observed, 
the subordinate male was observed in extra-group courtship attempts more frequently 
than the older dominant male from the group. Further, if protuberances function mainly 
to reduce the risk of sperm depletion during repeated bouts of within-pair copulation 
(often employed by males as a paternity guard), then we might predict that the primary 
male in the group (who stays nearest the female during her fertile period) develops the 
largest cloaca! protuberance. But our results show that maximum sizes of 
protuberances during peak breeding vary little between males of differing ages and 
social status. However, younger, subordinate males may develop their protuberances 
later, and they may regress earlier. Since development and regression of the testes is 
controlled by hormones (eg testosterone) that also play a role in the development of 
secondary sexual characters like colourful plumage, earlier regression of the testes in 
younger males is consistent with their earlier return to eclipse plumage (Chapter 6). 
The structure of the cloacal protuberance of male superb fairy-wrens, particularly the 
pointed anterior end of the protuberance, is unusual and has not been described before. 
We can only speculate about its function; perhaps it is inserted into the female 's cloaca 
to facilitate effective sperm transfer between cloacae, as has been suggested for the 
intromittent organs or phalluses of some other birds (Bentz 1983; Birkhead and M0ller 
1992). 
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Table 1. Cross-sectional comparisons of cloaca! protuberance dimensions across male 
age classes. Values are means+ SE (N). Mean values (compared by ANOVA) did not 
differ significantly for any measure between age classes, except for the tip, which was 
longer in older males . 
Season • Length Width Height Volume 
1 7.7 ± 0.2 (9) 5.9 ± 0.1 (9) 4.9 ± 0.2 (9) 179 ± 12 (9) 
2 8.1 ± 0.1 (14) 6.4 ± 0.2 (14) 5.4 ± 0.1 (11) 225 ± 14 (10) 
3 8.0 ± 0.4 (5) 6.4 ± 0.3 (5) 5.4 ± 0.3 (5) 227 ± 30 (5) 
4t 7.7 ± 0.1 (5) 6.2 ± 0.2 (5) 5.5 ± 0.2 (4) 204 ± 7 (4) 
p 0.42 0.27 0.08 0.13 
• Ranking of known-age males. For example, l=males in their first breeding season. 
t Birds in their fourth or later breeding season. 
Table 2. Testes mass for four species of Malurus. Listed are 
mean testes mass, maximum testes mass, and the percentage of 
body mass each represents. 
Testes mass (g) 
Species Mean % Maximum % 
M. cyaneus 0.48 4.9 1.03 9.6 
M. leucopterus 0.55 7.0 0.58 9.6 
M. melanocephalus 0.47 6.4 0.91 10.2 
M. splendens 0.48 5.1 0.91 10.3 
Tip length 
1.2 ± 0.1 (9) 
1.4±0.1 (12) 
1.7 ± 0.1 (5) 
1.7 ± 0.2 (5) 
0.05 
135 
Figure 1. Fully developed cloacal -protuberance of a male superb 
fairy-wren. Note the ducts of the seminal glomera, visible 
underneath the skin of the protuberance, and the tip in front 
of the vent. 
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Figure 2. Seasonal changes in the length of the cloaca! protuberance of superb fairy-
wrens. Length is highly correlated with width and height (see text). Breeding 
commences in September and ends in February. The solid circle arrowed illustrates an 
individual captured during peak breeding that did not possess a protuberance. 
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Figure 3. Testes mass in passerines (adapted from M0ller 1991), including four 
species of Malurus. Solid circle M. cyaneus, solid diamond M. /eucopterus, solid 
triangle M. melanocephalus, solid square M. sp/endens. 
138 
-Chapter 8 
Conclusions and future directions 
II 
.... 
r 140 
Conclusions 
A novel mating system 
Fairy-wrens exhibit an extremely unusual form of sociality, where birds form strong, 
stable social bonds with some individuals, yet mate predominantly with others (Chapter 
4). This unique mating system defies classification according to the criteria usually 
used for birds and mammals (Davies 1991). According to social criteria, fairy-wrens 
are monogamous cooperative breeders, but by genetic criteria they are promiscuous. 
Fairy-wrens have in all comparative studies been labelled according to their social 
system, cooperative breeding, where monogamy is typical (Rabenold et al. 1990; Jones 
et al. 1991). For example, in five cooperative breeders in which paternity has been 
studied, the mean frequency of extra-pair fertilisations is less than 3% (range Oto lOo/o; 
(Birkhead and M0ller 1992). The position of fairy-wrens thus requires re-evaluation in 
all comparative studies. 
It is not surprising that previous studies have so dramatically underestimated the 
importance of extra-group fertilisation in Malurus spp. The frequency of extra-group 
fertilisation in superb fairy-wrens could not have been predicted from the frequency 
with which copulation behaviour was observed. Specifically, the proportion of 
observed copulations that were extra-pair is a dramatic underestimate of the frequency 
of extra-pair fertilisation. This is one of several studies of species with frequent extra-
pair fertilisation to document such a disparity (see also Westneat 1987; Rowley and 
Russell 1990; Lifjeld et al. in press). Copulation in superb fairy-wrens must frequently 
be secretive or otherwise inconspicuous. 
Inbreeding avoidance 
The first study to report the extraordinary mating system of malurids suggested 
inbreeding avoidance as an explanation for the mating system of the closely related 
splendid fairy-wren (Brooker et al. 1990). The finding of a similarly high frequency of 
extra-group matings in superb fairy-wrens (where the existence of a single dispersing 
sex significantly reduces the potential for inbreeding; Chapter 3) suggests that this is 
not a suitable general explanation for the behaviour. 
Sexual selection 
Preliminary DNA fingerprinting results suggest that a small number of males gain 
many extra-group fertilisations, in different territories , and over several years. Further, 
extra-group off pring of successful males fathered extra-group offspring themselves. 
My data are the first u ing the new techniques of paternity determination to 
demonstrate extra-group reproductive ucce s over everal generations (identifying the 
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great-grandfather of two offspring). This provide early evidence for the good genes 
model of female choice, and suggests that sexual dichromatism aro e through strong 
intersexual selection. Good genes models are further supported by observations of male 
behaviour. Male perform spectacular displays of their plumage that appear to function 
to advertise male quality (Chapter 5, 6). These displays occur exceptionally frequently, 
and are directed exclusively at extra-group females. Displays are performed only by 
males in nuptial plumage, and may commence many months before the start of the 
breeding season. The timing of acquisition of nuptial plumage, a prerequisite for 
display, depends on the age and condition of an individual. Thus the timing of pre-
nuptial moult is an honest indicator of male viability. 
None of many hundreds of displays were observed to lead to copulation. This 
suggests that displays and matings normally occur in different contexts. Males 
probably are unable to obtain fertilisations forcefully, and instead invest their energy 
into self-advertisement. Female control of copulation is suggested by the finding from 
DNA fingerprinting results that almost every male in the population was cuckolded. 
This implies that males are unable to control their mate's propensity for engaging in 
extra-pair copulation. Males guard their mates only weakly, or not at all, when they are 
fertile. This may be because female control of copulation makes mate guarding 
impossible or unprofitable for males. 
What is a helper? 
All males within the group provision and care for the young, even though they are 
typically not closely related to any of the offspring. Thus, there is no evidence in this 
species for a strong link between certainty of paternity, and parental care, as there 
seems to be in some other species eg (Burke et al. 1989). Since most primary males are 
unrelated to the young they feed, and helpers are related only through their mothers, 
most males, according to classical definitions, are helpers (Skutch 1961)! 
Since helpers are rarely closely related to the offspring they feed and defend, kinship 
benefits to provisioning behaviour are minimal and do not provide a compelling 
explanation for helping behaviour. An alternative explanation may be that provisioning 
by helpers is the price of continued re idency extracted by the primary male (Appendix 
B). If primary male are uncertain of their paternity, they may be able to reduce their 
parental investment without risking the loss of any young that might be their own, by 
parasitising the contributions of younger male , as appears to occur in purple martins 
(Morton et al. 1990). By provi ioning, helper in turn avoid the costs of dispersal and 
garantee them elve a ba e from which they can depart on extra-group excursions. 
A venues for future research 
When and where do fairy-wrens copulate? 
One of the most important questions that remains unanswered is in what context 
copulations take place between females and extra-group males. Both superb fairy-
wrens and splendid fairy-wrens appear to copulate infrequently, yet many extra-pair 
copulations must take place, and the reproductive apparatus of males suggests that they 
are adapted for frequent insemination, and/or the transfer of large sperm volumes 
(Chapter 7). It seems likely that copulations between females and extra-group males 
follow an as yet unidentified diurnal or behavioural pattern. Continuous daily 
observations of many fertile females will be necessary to identify this context, and to 
generate more information on extra-pair copulation behaviour. Although there is 
genetic (Chapter 4) and behavioural (Chapter 5) evidence that females control 
copulation, information on the context of extra-pair matings may yield further insight 
into the costs and benefits of this behaviour for males and females. 
How does dispersal influence mate choice? 
My identification of an early dispersal phase by young females that is apparently not 
enforced by parental aggression raises the possibility that this early dispersal has 
beneficial consequences for the young females. Dispersal, and more importantly 
settlement, takes place even though it is not particularly likely that the hens will acquire 
the territory in which they settle (as adult survival from the end of one breeding season 
to the start of the next is high). It would be of great interest to understand what causes 
(or allows) the young dispersers to settle, and how this relates to the prospects of both 
acquiring a social mate, and of subsequent choice of extra-group males. 
Why do juvenile males always disperse given the opportunity? 
My descriptive data and the experimental work of Pruett-Jones & Lewis (1992) 
strongly suggest that young males will always disperse to a breeding vacancy providing 
an unmated hen becomes available in a nearby territory. Because our results suggest 
that junior helpers enjoy reproductive success in their own groups, the fitness 
consequences of <lisper al require careful measurement. This is a subset of the larger 
problem of why uperb fairy-wrens maintain such strong pair bonds, when they serve 
no function for mating. 
A model for sexual selection 
Superb fairy-wrens may be an excellent model for further investigation of models of 
sexual selection. Fir t, in common with lek promiscuity, mate choice appears to be 
dissociated from deci ion about paternal inve tment. Thi contra t with all other 
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systems in which extra-pair copulations have been reported (Birkhead & M¢11er 1992). 
However, unlike lek promiscuity, copulation appears to be rare and extremely furtive, 
and not centred at particular sites, so neither position effects, nor copying (Gibson and 
Hoglund 1992) are likely to influence patterns of mating behaviour. Third, unlike 
many of the sexually selected traits thought to indicate male fitness, some of the 
epigamic traits in male fairy-wrens are extremely variable (eg Chapter 6), facilitating 
measurement, correlation and experimentation. 
This thesis began with the observation that fairy-wrens have been more intensively 
studied than any other Australian bird. Yet the application of new techniques for 
revealing genealogy in free-living populations has turned our understanding of these 
birds on its head. It is clear that any future study of fairy-wrens will require the 
application of these new techniques, and that the information provided has already 
generated enough questions to occupy evolutionary ecologists for the next decade. 
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Abstract 
The cooperatively breeding superb fairy-wren, Malurus cyaneus, sings two types of song ; a 
variable, complex song sung by both sexes, and a relatively invanant, stereotyped song sung only by 
males . Field observations and playback experiments revealed that the male song could be triggered by 
a variety of loud avian and non-avian vocalizations, but was triggered most frequently by the calls of 
predato rs or potential predators . The male song is sung both within che territory and in winter feeding 
flocks ou ts ide the territory . Acoustic properties of the song suggest that it is a long-range signal. A 
possible explanation for chis unusual phenomenon is that the male song has evolved through sexual 
selection as an honest signal to females of male quality, for the purpose of obtaining extra-pair 
copulations . 
Corresponding author: Naomi E. LANGMORE, Department of Zoology, University of Cam-
bridge, Cambridge CB2 3EJ, U.K. 
Introduction 
Sexual selection through female choice is generally believed to be the driving 
force behind the evolution of the elaborate song of male passerines (DARWIN 1871; 
CATCHPOLE 1982). In monogamous species female mate choice is likely to be a 
prolonged process (HAMILTON 1990). The pair bond may last many years and a 
female would benefit from assessing as many different aspects of potential mates 
as possible, through such means as elaborate courtship rituals and inspection of 
territory quality or nesting sites. 
There is growing evidence chat extra-pair copulations (EPCs) are extremely 
common in species previously thought to be strictly monogamous (M0LLER 1987; 
BIRKHEAD et al. 1988). In species where EPCs occur outside the social group, 
females have limited time in which to assess male quality. HAMILTON (1990) 
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suggests that showiness in monogamous species is more likely to have evolved to 
enable relatively rapid assessment of male quality by females engaging in extra-
pair copulations than to facilitate pair-bonding for nesting. He argues that a 
female who is dissatisfied with the genetic quality of her mate may assess the 
relative quality of other males in the vicinity through certain easily-observed 
signals, such as brilliant plumage and song. By achieving unobserved extra-pair 
copulations with the most 'impressive ' male, she would ensure 'good genes ' for 
her offspring whilst retaining the assistance of her mate at the nest. 
Behavioural and genetic evidence suggest that EPCs are common in the 
cooperatively breeding Maluridae. Unlike most cooperative breeders, the 
Maluridae are strongly sexually dimorphic in plumage, a characteristic usually 
associated with polygynous or promiscuous mating systems which depend on 
female choice between competing males (KIRKPATRICK et al. 1990). 
ROWLEY & RUSSELL (1990) describe a characteristic behaviour pattern 
("philandering" ) in Malurus splendens in which males intrude into a nearby 
territory with a long, undulating flight, perch conspicuously, and display con-
trasting facial feathers in a distinctive fan. The display may be augmented by the 
carrying of a purple or pink petal, and its purpose appears to be solicitation of 
EPCs . Philandering males contribute an extraordinarily high proportion of all 
successful fertilizations (BROOKER et al. 1990). 
The closely related superb fairy-wren, Malurus cyaneus, displays a similar 
pattern of behaviour (MULDER, pers. obs.). Shortly before the onset of the 
breeding season males begin paying visits to neighbouring females. The males 
perform a characteristic display, fanning out their colourful facial feathers and 
crouching and turning in such a way that the contrasting blue and black feathers 
of the back are revealed to maximum effect. Males are typically silent when 
intruding in a neighbour's territory. These visits continue throughout the breed-
ing season, and philanderers often supplement their plumage by carrying a yellow 
petal. Males only perform the "yellow petal display" for neighbouring females; 
never for their own mate (MULDER, pers. obs.). 
M. cyaneus demonstrates the brilliant male plumage and elaborate visual 
displays predicted by HAMILTON (1990) to occur in species with high levels of 
extra-pair copulations. This study investigates the song of M. cyaneus for evi-
dence of a similar degree of elaboration. 
Song Structure and Variability 
Methods 
M. cyantus is a small, highly vocal, cooperatively breeding puserine occurring in south-eastern 
Australia. The social group comprises a dominant p~r which are often usmed in their breeding 
effom by helper males . Helpers are usually sons from previous broods . The species exhibits striking 
plumage dimorphism. Whereas females, juveniles and non-breeding males are cryptic brown, males in 
breeding plumage are brilliant blue . Groups are highly territorial during the breeding season, but 
during winter territory boundaries break down and groups coalesce to form large foraging flocks . 
About 300 songs from 40 M. cyantus were recorded from Feb . 1989 to Jan . 1990 in the 
Australian National Bounic Gardens, C.nberra (149°15 ' E 36°05 '5). All individuals in this study 
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populac1on are colour banded. Offspring are banded in che nest, and group his tories and relwonships 
are known from year-round censuses of che populat1on . 
Recordings were made using a Sony Professional Walkman WM-06C, an Audio-cechnica 
omnidi rect1onal microphone (A TM 1 ) and a Sony parabo lic reflector (PBR-330 ). Most songs were 
reco rded from 2 co 8 m. 
Sonagrams were produced using a Kay Elemetrics Sonagram model 8 /65 using a wide-band 
il cer semng (30 Hz) and a frequency range of O co 8 kHz. From these sonagrams, a catalogue ot song 
elements was developed, where an element is the basic unit of a song and 1s defined as a discrete, 
uninterrupted tracing on che sonagram. The next highest level of organization 1n a song 1s the mot1f. 
consisting of several elements which always occur together and appear identical each time 1t 1s sung 
(AORET-HAUSBERGER & JENKINS 1989). 
Elements of every song were assigned to categories on the basis of structural s1milamy . Songs 
typically featured many repeats of a single element type, and fewer repeats of up to four ocher element 
types. The most common element category thus characterizes the song, and was denoted by a capital 
letter. Ocher element categories in che song were lis ted in order of frequency, using lo wer case 
characters, generating a code representing element structure and frequency for each song (e.g. che 
1ncroduccion of the type II song in Fig. 1 b exhibits 10 repeats of an element from category E. 7 repeats 
of an element from category F, and 4 elements from category B. Therefore, the song is represented by 
the code Efb ). 
Statistical comparison of element structure and organization between any cwo so ngs is a 
complex and assumption-laden procedure (WIENS 1982), and was deemed unnecessary ·or che 
purposes of chis study. Visual representation of coded sequences provided an accurate and 1nte lligib le 
illustration of structural similarities between songs. 
Results 
Two quite different types of song were found, which can be reliably 
differentiated both on sonagrams and by ear in the field. The first category of 
song, type I, is the most variable in structure, comprising a large number of 
elements, generally high in frequency, and several recognizable motifs which are 
repeated two or more times in a song, and may occur in combination with each 
ocher (Fig. 1 a). 215 sonagrams of type I songs from 40 individuals were printed 
(1-23 sonagrams per individual). These showed a frequency range of 3 co 9 kHz, 
with most elements falling between 4 and 9 kHz. Constant variations occur 
within the framework of these elements and motifs, so chat no two songs are 
identical. Type I songs are sung by both male and female birds year round, 
throughout the day. 
The second category of song, type II, shows considerably less variation. The 
most notable feature is a long, relatively low frequency introduction (80 type II 
songs from 40 individuals were printed on sonagrams, and all elements were 
between 2 and 7 kHz, most within 3 to 5 kHz), consisting of one or more 
regularly repeated elements. This is usually followed by a short, high-pitched 
series of trills consisting of elements similar to those of type I songs but relatively 
unstructured (Fig. lb). Only the introductory notes were categorized for type II 
songs, since the final trills did not always occur, and were difficult to categorize 
accurately when they did occur, due to their unstructured nature. 
The type II song was sung exclusively by males. Although our sample of 
type II songs for most males is small, each male appears to have a single, relatively 
invariant version of this song which is similar to chat of the rest of his group. 
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Fig . I : Sonagrams illustrat ing two dimnct song types fou nd in .'.1alurus cyaneus. 
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Type II songs recorded from individual birds over a period of 18 months sho wed 
li ttle variation. 
The relatively simple nature of type II songs facilitates accurate coding. All 
elements in the introduction of type II songs could be assigned to 6 majo r element 
categories (Fig. 2). Between one and five element categories were present in any 
one song. 
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Fig. 2: A catalogue of element types fo r the 
introductory notes of type II songs of 
Malurus cyaneus recorded in the Australian 
National Botanic Gardens, showing element 
variation within each element category 
Marked similarities are apparent between the songs of fathers and sons, 
between brothers, and between members of the same group whose precise 
relationship to one another is not known. Element overlap is more common 
between neighbouring groups than between those separated by several territories. 
Thus there is a clinal pattern of variation in type II songs throughout the Botanic 
Gardens (Fig. 3 ). 
Predator Calls Prompt Male Song in Jf . cyaneus 1-1-7 
Fig. J : Map of the Australian National Botanic Gardens, showing territory boundaries of Ma furus 
cyaneus groups, and illustrating all variants of coded type II songs recorded from males in each 
territory 
The most interesting and unusual feature of type II songs is the context in 
which they occur. During recording sessions we observed chat male wrens sing 
type II songs immediately upon hearing the loud call of an Australian raven, 
Corvus coronoides, or a pied currawong, Strepera graculina. The call of the raven 
or currawong may be directly overhead or heard distantly. Further observations 
revealed chat type II songs may be elicited by the loud calls of ocher local bird 
species, or by the wingbeacs of a raven passing overhead. They may also be 
emitted spontaneously. Two males may respond simultaneously co a triggering 
call, or sing slightly asynchronously. The general impression was chat type II 
songs did not elicit any response from other individuals in the immediate vicinity, 
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al though occasionally other group members or neighbours may follo w a type II 
with a cype I song. 
The Male Song: Playback Experiments 
Methods 
A playback cape was constructed, co mprising the calls or songs of eight spec ies occurring in che 
Botanic Gardens; the call of a ravt!n, the call of a currawong , the song of the grey shrike-thrush 
(Collunczncla harmonica ), the song of an Australi an magpielark (Grallina cyanoleuca ), the call of a 
brown goshawk (Ampzcer fasczacus ), the call of a collared sparrowhawk (Ampzter czrrhocephalus ), che 
screech of a crimson rose lla (Placycercus elegans ), and a human scream. 
The cu rrawong is a voracious predator of M. cyaneus nestlings and fledglings, and a known 
predator of adu lts (pers . obs .; S. G. PRUETT-Jo ES, pers . comm .). A large proportion of nesting 
efforts 1n che Botanic Gardens fad as a result of currawong predation. The raven and grey sh nke-
chrush are reported to be nest predators (ROWLEY & VESTJENS 1973 ; REILLY 1966 ), and che 
sparrowhawk and goshawk are potential predators of adult wrens , although they are uncommon in 
the Botanic Gardens . The crimson rosella and magpielark are non-predatory species. 
The calls were recorded onto che playback tape at equivalent amplitude, and played at a volume 
si milar co ch at of che natural model. Where two recordings of a particular species were availab le, both 
were placed on che tape and used alternately. Playback equipment consisted of a Sony Professional 
Walkman WM -06C and Bose Roommate II speakers with an internal amplifier. 
Playback experiments were conducted from Jan. to Aug. 1991. During each playbac k experi-
ment a colour-banded male was located and, when clearly in view, a single call from one of the 8 
species was played. Several variables were recorded ; reaction of the subject, reaction of ocher group 
members and neighbours, distance co che sub ject and stage in che breeding cycle. A minimum of 13 
playbacks of each call were conducted. Ac least 15 min elapsed between two experiments on the same 
individual, and most subjects were only used once on a particular day . 
Results 
Responses of subjects were unambiguous; males either emitted an almost 
ins tantaneous type II song upon commencement of the playback, or they did not 
sing at all. Type I songs were never elicited, however all 8 calls elicited ty pe II 
songs from subjects. All males responded to some playbacks, and no male 
Tablt 1: Frequency of response to playback calls by m~e Malurus cyaneus 
in the Austrilian Nation~ Botanic Gardens 
Response % type 
Playback none II song n II song 
Raven 9 17 26 65 
Currawong 8 16 24 66 
Shrike-thrush 10 8 18 44 
Spa.rrowhawk 10 8 18 44 
Magpielark 11 7 18 39 
Rosella 15 3 18 17 
Goshawk 16 2 18 11 
Scream 16 2 18 1 1 
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responded to all play backs. Currawong and raven calls were most likely to elici t a 
response, and rosellas , goshawks and human vocalizations least likely (Tab le 1 ). 
O f the 63 ty pe II responses, 9 % were sung by males other than the sub ject. 
These responses were included in the analysis as they appeared to be tr iggered by 
the play back, and in most cases the males were as close to the speaker as the 
sub ject and could be identified after the experiment. 
During the majority of play backs the sub ject remained in the same p lace 
(56 % , n = 94 ). 37 % of playbacks elicited an immediate short or long fli ght , an d 
in 7 % of experiments the subject flew soon after hearing the play back . 
T ype II responses were elicited during the breeding and the non-breeding 
season , and at all stages of the nesting cycle. Time of day and weather conditions 
d id not appear to have any effect on response. 
T y pe II songs were elicited from 3 7 % ( n = 101 ) of paired males and 26 % 
(n = 47) of unpaired (helper) males. Thus there is no significant d ifference 
between the response rate of paired and unpaired males (x2 = 1.78, df = 1). 
Discussion 
Male M. cyaneus sing two song types which can be differentiated both by ear 
and on sonagrams. These two song types differ in structure, variabi lity and 
context. T ype I songs are complex and variable and are sung by both males and 
females throughout the year. Type II songs have a relatively stereoty ped, 
invariant structure, are sung exclusively by males and occur in the novel context 
of the loud calls of other avian species. The unusual male song is the focus of this 
discussion. 
In most passerine species males are the predominant singers and the func-
tions of their songs are usually thought to be mate attraction and territorial 
defence (BAPTIST A 1978; CATCHPOLE 1982; ADRET-HAUSBERGER & J ENKI. s 1989 ; 
C ATCHPOLE & LEISLER 1989). However, we could not find any comparable case in 
the literature of a particular song being triggered by the calls of other spec ies . 
Such a unique and consistent proximate stimulus for the ty pe II song is likely to 
be a significant factor in understanding its function . 
In attempting to understand the unusual phenomenon of the ty pe II song, 
several possible explanations were generated. First, we considered the poss ib ili ty 
that the context of the song may be incidental to its function . Males may simp ly 
be startled or excited by sudden, loud noises and react by singing . Such behaviour 
has been reported for the dunnock Prunella modularis, which appears to be 
stimulated to sing by passing trains (ROSAIR 1982 ; GAMMON 1985), and for the 
turkey, M eleagris gallopavo which is stimulated to gobble by loud noises or pure 
sine tones (SCHLEIDT 1954 ). However, this explanation alone is not adequate . It 
does not explain why male wrens sing when a large bird is heard fl y ing overhead 
but does not call, or when a raven ' s call is only heard distantly. Nor does it 
explain why only male wrens would react to loud noises , or why they wou ld 
respond exclusively w ith the ty pe II song. Lastly , it does not exp lain why there is 
an unequal frequenc y of response to each of the 8 play backs . 
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Second, the type II song could co nceivab ly be an alarm call. In a review of 
acous ti c behaviour of bi rds and mammals in the predator co ntext, KLC \1P & 
SHAL TER ( 1984) describe alarm calls, distress calls, defence calls and distraction 
calls; but no songs . Superb fa iry-wrens of both sexes have a repertoi re of alarm 
and distress calls and distraction displays which are used when there is a predator 
in close proximity (ROWLEY 1965 ). The relatively complex and elaborate type [I 
song is clearly not a simple alarm call. During the ma jority of playback expe ri -
ments group members did not move to cover in response to the playb ack call. 
Further, males responded with type II songs to che playback calls of non -
predatory species. 
A third possibi lity is chat males are communicating to predators , rather than 
conspecifics. Type II songs could advert ise to predators chat che singer is fie 
enough to evade predation , and is therefore unprofitable prey ( e. g. FlTZGI BBO:\ & 
FA><"S HA w 1988 ), or signal to a predator chat the location of nests or fl edglings will 
no t be revealed. These exp lanations predict chat type II songs will be triggered 
excl us ively by che calls or presence of a predator, and the latter predicts chat type 
II songs will be limited to the breeding season, when a group has nesclings or 
dependent fledglings . The playback experiments disprove both these co nditions . 
The generality of response to many loud sounds throughout the year could reflect 
a lack of precision in the underlying response mechanism. However, given che 
energetic costs to a small bird of producing a loud song, it seems un likely chat 
wrens would not distinguish between the distinctive calls of predatory and non-
predatory species. 
Song in the presence of predators could advertise a male 's quality to ocher 
individuals within a flock. BIRKHEAD ( 1991 ) mentions chat North American black-
billed magpies, Pica pica, occasionally sing at potential predators . TROST & Sro~E 
(pers . comm. in BIRKHEAD 1991 ) suggest that by daring to sing in the presence of 
predators, such individuals might improve their social status . However, domi-
nance within M. cyaneus groups is determined by age and there is no evidence fo r 
reversals within group hierarchies (MULDER, unpubl. data). 
The explanations discussed above suggest chat the male song is a relatively 
short-range signal, directed at group members or predators within che territory . 
However acoustic properties of the song suggest chat it is suited for long-range 
communication. First, the song is loud and can often be heard several territories 
from its source. Second, songs for long-range communication must be acousti-
cally adapted for optimal efficiency in transmitting information over a long 
distance. WILEY & RICHARDS ( 1982) state chat patterns of attenuation in all 
habitats favour low frequencies for long-range communication. This is especially 
true when both sender and receiver are very near a vegetated substrate (GERHARDT 
1983 ). Therefore, it is significant chat the introduction of type II songs is pitched 
at a lower frequency than any ocher component of M. cyaneus song. 
One possible function of a long-range signal is territorial proclamation . 
W1LEY & RICHARDS ( 1982) suggest chat birds require an alerting component in 
their songs. In the complicated business of survival a bird must be alert to usefu l 
messages, yet not preoccupied with communication. A receiver could maintain a 
low level of vigilance if an interesting incoming message was preceded by an 
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alerting signal. It is possible that male superb fairy-wrens exploit an external 
alerting signal, the loud call of another species, when singing a territorial 
proclamation. This explanation predicts that type II songs will occur only from 
within territory boundaries. However, the playback experiments and field obser-
vations revealed that type II songs are common during the non-breeding season 
when territory boundaries break down and flocking of several groups occurs . 
Type II songs are often elicited from individuals outside their own territory 
during the non-breeding season. 
The final, and at this stage most plausible, explanation for the novel context 
of the male song is closely linked to the unusual mating system of M. cyaneus . 
Males begin paying visits to neighbouring females immediately upon attainment 
of breeding plumage. At this stage they cannot have the purpose of obtaining 
immediate copulations, as females are not yet receptive. It may be that males are 
making these regular visits to impress females, with the aim of obtaining a 
copulation at a later date. 
Constant visitation from numerous males provides females with ample 
opportunity to exercise choice. The effectiveness of this method depends upon 
the signal providing an honest indication of male quality. HAMILTON & ZuK 
( 1982) proposed that animal colouration and displays are a reliable indicator of 
male fitness, because they reveal the presence or absence of parasites and disease. 
M0LLER ( 1991 ) provided experimental evidence that song production can be 
affected by the presence of parasites. Increasing the mite load of swallow nests 
reduced the song output of males during the fertile period of their mates. 
The type II song of M. cyaneus, like the yellow petal display, may have 
evolved as a specific signal to neighbouring females of the singer's quality . By 
responding with a type II song to a trigger such as a loud bird call, males provide 
females with the opportunity to compare the quality of neighbouring males 
simultaneously. A female would be aware of when males fail to respond to the 
stimulus, so it provides an honest signal which is not open to cheating. Further-
more, the signal is brief and does not demand any response from the receiver , so 
receiver costs are low (DAWKINS & GUILFORD 1991 ). The male which responds 
most often to this trigger demonstrates his superior quality. By relying on an 
external trigger for the type II song the male has no opportunity to choose the 
most safe or convenient time to sing, so the cue provides a more honest indication 
of male fitness. This is an example of a condition-dependent handicap (GRA FE~ 
1990), since the quality and frequency of male signals should be determined by 
their physical condition . 
The variation in response rate to the playbacks could reflect variation in the 
'attention value' of the calls of different species, as females are more likely to be 
aware of the calls of species which are a threat to themselves or their offspring. 
Displays which have the purpose of obtaining copulations in the long term , 
rather than immediately, require that the female can recognize the male perform-
ing the display. During the breeding season, male wrens are rarely visible to 
neighbouring females when singing type II songs. Thus if a high level of type II 
songs is to be successful in obtaining EPCs, the female must recognize a song as 
belonging to a particular male, and recognize that male visually at a later date. 
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Individual recognmon by song has been demonstrated for a number of species 
( £ .'vtLE. 1971; BE ECHER & BEECHER 1983; C U.PPERTO 1987 ; MARZL u FF 1988; 
C LAYTON 1988 ; W ILEY et al. 1991 ). In the closely-related M. spLendens females 
respond differently to playbacks of che song of male group and non-group 
members (P AYNE et al. 1988). The type II song of M. cyaneus facilitates individual 
recognition, as each male possesses his own, invariant version of che so ng. 
Females are provided with ample opportunity to learn each male 's song during 
che non-breeding season, when groups are constantly mixing and re-mix ing co 
form large foraging flocks. This could explain che high incidence of type II songs 
during che non-breeding season. 
Unlike the song of most passerines, the type II song of M. cyaneus occurs in 
a predictable context. This unique context provides ideal conditions for further 
experimentation which may provide valuable insights into song function in a 
socially complex species. 
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Dominant males punish short-term defection by helpers in 
superb fairy-wrens 
RAOUL A. MULDER AND NAOMI E. LANGMORE* 
Evolutionary Ecology Group, Division of Botany and Zoology, Australian National University, 
Canberra. ACT 2601 Australia. 
*Present address: Department of Zoology, University of Cambridge, Cambridge CB2 3EJ, UK. 
In cooperatively breeding birds, young individuals temporarily delay dispersal and 
independent reproduction. They remain in their natal territory and help other individuals, 
usually their parents, with the task of caring for offspring. In most systems studied, 
philopatry is imposed because resources essential to breeding, like mates or vacant 
territories, are in short supply. Once individuals are forced to stay at home, 
'alloparenting' may occur for numerous reasons (reviewed by Heinsohn et al. 1990). 
One idea that has been repeatedly offered as a possible reason for alloparenting is that 
by contributing, helpers subsidise the cost of their continued residence within the territory 
( e.g. Gaston 1978; Emlen et al. 1991 ). In other words, they 'pay rent' in order to be 
allowed to enjoy the benefits (e.g. Bertram 1978) of living in a familiar social group. To 
our knowledge, there has been no empirical evidence for this idea to date. Here we 
present observations of the behaviour of an Australian cooperative breeder, the superb 
fairy-wren (Malurus cyaneus), that suggest helpers are punished for defection from their 
duties, and thus may provide help to prevent expulsion. 
Superb fairy-wrens at our study site (the Australian National Botanic Gardens, 
Canberra, 149°15' E 36°05' S) live in small, cohesive, intensely social and vocal groups 
containing up to three helpers. Helpers are typically male and contribute through feeding 
of nestlings, care of dependent fledglings and nest and territory defence. Dispersal by 
young males is constrained primarily by a lack of available mates (Pruett-Jones and 
Lewis 1990). Adult males are seasonally dichromatic, alternating between cryptic 
'eclipse' winter plumage and colourful 'nuptial' breeding plumage. The oldest male in 
I 
,, 
I 
the group is behaviourally dominant, but aggressive interactions are infrequent (in 15h of 
observations of 11 dominant males during the breeding season, we observed aggression 
toward helpers nine times [0.003% of total time], each interaction lasting less than two 
seconds). Helpers are rarely responsible for fertilising eggs (Mulder et al., unpublished 
DNA fingerprinting data). 
We captured helpers between 0600 and 0930h, and removed them from their group, 
generally for 24h. Birds were kept in a cage and provided with ad libitum food and 
water. Birds maintained good weight in captivity (paired t-test comparing capture and 
release weights; t=-0.82; df 19, p>0.05). We then returned them to their territories, and 
observed how they interacted with the other members of their group. After release of the 
helper, group interactions were observed four or five times during the course of the day 
(mean observation time per experiment: 77 minutes). 
Upon release, helpers typically flew to a nearby perch and emitted alann calls. They 
were always joined within five minutes by one or more members of the group. These 
reunions had one of two outcomes; the helper was either passively accepted back into the 
group, or he was subjected to extreme harassment by the dominant male, in the form of 
prolonged chases, each up to seven minutes in duration. No other bird in the group 
initiated aggression, and encounters with other group members upon release were 
neutral. We have observed such extreme aggression between dominant and helper males 
twice under natural circumstances, but the social events preceding the behaviour were not 
known. 
Helpers typically fled and uttered incessant distress calls while being pursued. They 
usually eluded the dominant male, but on occasion he managed to catch them and peck 
them, although this never resulted in visible injury. Bouts of chasing were often seen 
during the remainder of the day, and sometimes even during the following morning, up 
to 36h after release. However, every helper was accepted back into the group, resumed 
helping and was foraging peacefully with other group members on the day following his 
release. 
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In order to understand the context of this aggressive response in relation to the 
importance of helper contributions, we carried out 25 removals, at different times of year. 
Broadly, there are three levels of helper responsibilities; none during the non-breeding 
season, territorial defence during the fertilisation/incubation stage of the nesting cycle, 
and territorial defence, provisioning and brood defence during the nestling/fledgling 
stage. We conducted removal experiments during each of these phases (Table I). 
Removals during the non-breeding season (n=l 1) never resulted in aggression, even 
when the dominant male had acquired nuptial plumage. During the fertilisation and 
incubation periods aggression was elicited after 50% of removals (n=8) and during the 
nestling/fledgling stage aggression occurred after 83% of removals (n=6). Thus, 
although sample sizes are small, aggression was more consistently elicited at times when 
helper contributions were greatest. 
When aggression took place, the dominant male spent on average between 17 and 
42% of the time pursuing the helper in the 30 minutes after their first encounter. 
Dominant males appeared to invest most time in aggression when the group was caring 
for nestlings or dependent fledglings (Table I). The mean duration of chases did not 
differ greatly between phases of the breeding cycle, and was about 2 minutes (Table I). 
We considered two hypotheses to explain these results. One possibility is that 
dominant males attack helpers because they do not recognise them. This is implausible 
and inconsistent with our observations. First, on theoretical grounds, recognition of 
helpers is of critical importance to a dominant male during the breeding season, because 
at this time breeding females are subjected to numerous visits by neighbouring males 
seeking extra-pair copulations (Mulder, unpublished data). In cooperative groups there 
ought therefore to be strong selection on the dominant male to be able to distinguish 
between the acceptable presence of male helpers, and the unwelcome presence of a male 
intruder. In fact, dominant males can distinguish the songs of helpers from those of 
unfamiliar males (N.E. Langmore, unpublished data), but helpers singing upon release 
were also subjected to aggression. Second, the response of dominant males to helpers 
was qualitatively different to their response to philandering neighbours. When intruders 
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were expelled, resident males reacted swiftly, and chases were abandoned on the territory 
boundary. By contrast, aggression toward helpers was often delayed, commencing up to 
15 minutes after the first encounter. Chases were unusually persistent, continuing into 
adjacent territories, and often provoking neighbouring males into pursuit of the two 
birds. Third, helpers apparently recognised the other group members, as they repeatedly 
attempted to rejoin them, and were engaged in highly group-specific social behaviours 
like allopreening within minutes of return when not subjected to aggression. Finally, 
lack of recognition fails to explain why dominant males apparently do recognise helpers 
in the non-breeding season. 
We suggest that aggression may represent punishment of helpers for defection from 
their responsibilities. Male superb fairy-wrens rarely disperse more than a few 
territories, and only in response to breeding vacancies (Pruett-Jones and Lewis 1990; 
Mulder, unpublished). Thus, in the absence of direct breeding opportunities nearby, 
philopatry by young males is obligate. Costly dispersal, or benefits of philopatry may 
facilitate manipulation of helpers by dominant males (Emlen and Vehrencamp 1983). The 
greater the disincentive to disperse, the greater the contribution that could be demanded. 
Manipulation by male parents has been reported in the cooperatively breeding white-
fronted bee-eater (Merops bul/ockoides), where fathers harass sons into helping rather 
than breeding independently (Emlen and Wrege 1992). 
Provisioning by dominant males is subsidised when helpers are present. Observations 
of feeding at the nest show that the feeding contributions of helpers result in a greatly 
reduced effort by the dominant male, but only a slight decrease in the workload of the 
female (Mulder et al., unpublished; see also Dow and King 1984). Dominant males gain 
substantial reproductive success through extra-pair copulation (EPC; unpublished DNA 
fingerprinting data). Male opportunities for solicitation of EPC may be constrained by 
parental duties (W estneat et al. 1990). Thus the contributions of helpers may play an 
important role in freeing the dominant male to seek EPC. Although dominant males also 
harass helpers when defection is less critical (e.g. during incubation, when helper 
~ { ' 
I 
'1 
r, 
I, 
responsibilities are presumably limited to territory defence), the costs of unreliability in 
helpers may select for punishment of defection at any stage of the breeding cycle. 
The scale of aggression must impose a significant cost on the dominant male, in terms 
of both time and energy, and implies that the reliable presence of the helper in the group 
is important. The absence of any aggressive response in some of the experiments is 
therefore puzzling, but the dominant male's behaviour may be influenced by several other 
factors determining the cost of the helper's defection, such as the presence of other 
helpers, or the availability of fertilisable females in neighbouring territories. For 
example, dominant males engaged in an intensive campaign of extra-territorial visits may 
be unaware of the extent of the helper's defection. 
Our results suggest that alloparenting in superb fairy-wrens is selectively maintained. 
Disincentives or costs to dispersal by young males apparently enable dominant males to 
exploit the contributions of helpers. By contributing, helpers may avoid expulsion. 
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Table I. Responses of dominant male superb fairy-wrens to the return of removed 
helper males. Removals were for 24h, except where noted otherwise. 
Numbers in the last two columns refer to means (SD). 
Stage of nesting N Aggression % Propn time Mean chase 
aggressive t duration (s) 
Non-breedingl 6 0 0 0 0 
Non-breeding2 5 0 0 0 0 
Fertilisation pericxi 4 2 50 0.17 (0.06) 138 (86) 
Incubation 4 2 50 0.30 (0.06) 142 (112) 
Nestlings/dependent 4 3 75 0.42 (0.07) 130 (107) fledglings 
Nestlings/dependen t 2 2 100 fledglings (36h) 
1 both dominant and subordinate males in eclipse plumage. 
2 dominant male in nuptial plumage, subordinate in eclipse plumage. 
t calculated as the proportion of time the dominant male chased the returned helper during 
30 min immediately after release. 
